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NOTE. 

The  object  which  the  Society  have  in  view  in  publishing  their 
Proceedings  is  to  give  an  immediate  and  snccinct  account  of  the 
scientific  and  other  business  transacted  at  their  meetings  to  the 
members  and  the  general  public-  The  various  communications 
are  supplied  by  the  authors  themselves,  who  are  alone  responsible 
for  the  facts  and  reasonings  contained  therein. 
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EEEATA. 

Page  34,  for  lines  8,  9,  10,  11,  12  and  13  read — can  merely  bring 
before  you  a few  of  the  more  noteworthy  points  which  stand  out  from  my 
general  reading,  more  especially  relating  to  the  History  of  Ancient  Life 
on  the  Earth,  together  with  some  general  considerations  which  seem  to 
me  opportune  under  the  circumstances  of  the  time.” 

Page  40,  line  4 from  the  bottom,  for  “ fluviable”  read  “fluviatile.” 
Page  40,  last  line,  for  “the  equivalent  of”  read  “ as  old  as.” 

Page  157,  for  “Crsetagus,”  line  4 from  bottom,  read  “ Crataegus.” 

Pasre  158,  for  “variation,”  line  5 from  bottom,  read  “venation.” 

O' 


PEOOEEDINGS 


OP  THE 

LITEEAEY  AND  PHILOSOPHICAL  SOCIETY. 


Ordinary  Meeting,  October  8rd,  1876. 

Kev.  William  Gaskell,  M.A.,  in  the  Chair. 

“On  the  Action  of  Water  and  Saline  Solutions  upon 
Lead,”  part  II.,  by  M.  M.  Pattison  Muie,  F.R.S.E.,  Assistant 
Lecturer  on  Chemistry,  Owens  College. 

1.  I have  already  in  several  places*  described  the  results 
of  various  series  of  experiments,  undertaken  with  a view 
to  arrive  at  definite  measurements  of  the  solvent  action  of 
dilute  saline  solution  upon  lead,  and  to  ascertain  the  circum- 
stances which  condition  this  action.  The  general  results 
of  these  experiments  may  be  summed  up  briefly  as  follows. 

(1)  Nitrates  cause  water  to  exert  a very  marked  solvent 
action  upon  lead. 

(2)  Carbonates,  Sulphates,  and  Chlorides  greatly  dimi- 
nish the  solvent  action  of  water  upon  lead. 

(3)  These  three  salts,  along  with  Nitrates,  greatly  de- 
crease or  even  stop  the  solvent  action  exercised  by  the 
Nitrates  when  present  alone. 

(4)  The  amount  of  lead  increases  with  the  length  of  time 
during  which  the  water  remains  in  contact  with  the  lead. 

* Proc.  Grlasgow  Phil.Soc.  1871-72, 184  ; Soc.  Sci.  Congress,  1874;  Man- 
chester Lit.  and  Phil.  Soc.,  1875-6,  35. 

Proceedings — Lit.  & Phil.  Soc. — Yol,  XYI.— No.  1.— -Session  1S76-7. 
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(5)  Water  charged  with  carbon  dioxide  exercises  no  very 
marked  solvent  action  upon  lead,  but  when  the  water  is 
charged  with  the  gas  under  pressure  the  solvent  action  is 
very  greatly  increased. 

2.  These  or  similar  general  conclusions  had  been  arrived 
at  by  previous  experimenters ; but  I have  been  able  to  give 
a considerable  series  of  actual  measurements  of  the  amount 
of  action  exercised  by  the  various  solutions  upon  given  sur- 
faces of  lead  under  stated  conditions. 

8.  In  carrying  out  the  experiments  alluded  to  above  I 
was  often  struck  by  apparent  discrepancies  in  the  results 
obtained;  hence  I was  led  to  the  belief  that  the  action  of 
dilute  saline  solution  upon  lead  is  one  which  may  be  very 
materially  altered  by  what  appear  at  first  sight  to  be  slight 
alterations  in  the  conditions  of  the  action.  The  object  of  the 
experiments  detailed  in  the  present  paper  was,  if  possible,  to 
determine  more  narrowly  what  these  conditions  are.  The 
questions  to  which  I shall  endeavour  at  present  to  give 
answers,  partial  though  they  must  be,  are  these — Does  the 
amount  of  lead  dissolved  increase  with  increase  of  surface 
exposed  to  the  action  of  the  solvent  ? Does  the  free  admis- 
sion of  air  to  the  surface,  or  the  passage  of  air  through  the 
body  of  the  liquid  influence  the  qiiantity  of  lead  dissolved  ? 
Do  the  solvent  actions  of  dilute  saline  solution  upon  lead 
continue  during  lengthened  periods,  or  is  there  a limit 
reached  after  which  little  or  no  further  action  is  exercised 
upon  the  lead  ? 

4.  And  in  the  first  place,  does  the  amount  of  lead  dissolved 
increase  with  increase  of  surface  exposed  to  the  action  of  the 
solvent  ? In  order  to  obtain  an  answer  to  this  question 
experiments  were  carried  out  with  the  same  solvent  but 
with  varying  surfaces  of  lead  exposed  and  under  somewhat 
varying  conditions  of  action. 

The  results  of  these  experiments  are  presented  in  Table  L 
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A.— Expebimbnts  carried  out  in  corked 
WITH  LIQUID,  500ct»c.  IN 

Flasks  nearly 

EACH. 

FILLED 

Total  Lead  in  Millierams  in  Solution  in  the 

frra'TnS 

Surfaces 

Liauid  after 

Nature  of  Solution, 

of  Lead 

per 

Litre. 

exposed 

in 

'^42 

68 

70 

138  1 

140 

168 

336 

340 

505^ 

hours 

hours 

hours 

hours  |hours 

hours 

hours 

hours 

hours 

Distilled  Water  

25 

0-7 

1-2 

1-5 

9»  J*  ••••*» 

• 4 « 4 

50 

0-7 

, , 

, , 

0-9 

1-0 

if  99  • • 4 i • . 

• 4 4 4 

60 

0-5 

0-5 

0-8 

0-8 

• • 

• • 

• • • • 

120 

0-2 

0-2 

0-4 

0-4 

Potassium  Nitrate 

0132 

60 

0-5 

0-5 

0-7 

99  99  • • • . 

99  , 

120 

, , 

0-2 

, . 

0-4 

99  99  • ■ • • 

99 

240 

• 4 

0-1 

99  99  • 4 • • 

0-232 

60 

0-7 

99  J J • • • • 

0-20 

25 

0-7 

1-2 

1-6 

60 

1-0 

o • 

1-2 

1-5 

Ammonium  Nitrate .... 

0-20 

25 

0-9 

1-8 

1-8 

50 

1-4 

1-5 

1-5 

Calcium  Chloride 

0-132 

60 

0-4 

0-4 

0-7 

, , 

, , 

99 

120 

0-2 

0-2 

0-4 

, , 

240 

0-15 

0'20 

25 

1-3 

1-8 

3-0 

60 

, , 

4 4 

2-0 

2-5 

2-5 

0-232 

60 

0-7 

PotaWium  Carbonate . . 

0-20 

25 

traces 

0-3 

.. 

0-3 

60 

0-3 

0-3 

Ammonium  Sulphate . . 

0-20 

25 

0-5 

0-7 

, , 

0-7 

9t  99 

99 

60 

0-7 

0-7 

’ • 

0-7 

B. — Experiments 

CARRIED  OUT  IN  BeAKERS 

HALF  PILLED  WITH 

LIQUID  (SOOcbc.) 

AND 

COVERED  WITH 

UNSIZED  PAPER  : 

DIAMETER 

OP  MOUTH  OP  beakers 

=ll-5cm. 

Distilled  Water  

25 

0-4 

0-5 

0-8 

4 4 4 4 

50 

0-4 

, - 

, , 

, * 

1-2 

1-8 

4 4 4 4 

120 

1-0 

1-0 

1-2 

1-2 

4 4 4 4 

240 

1-2 

1-2 

Potassium  Nitrate 

0-132 

120 

1-0 

1-0 

1-2 

99  99  •44. 

99 

240 

1-2 

1-2 

0-20 

25 

0-4 

0-4 

0-5 

60 

0-6 

2-2 

2-5 

0-232 

120 

1-2 

Ammonium  Nitrate .... 

0-20 

25 

0-4 

2-0 

4-0 

50 

0-8 

3-5 

4-0 

Calcium  Chloride 

0-132 

120 

1-3 

1-3 

1-5 

240 

1-2 

0-20 

25 

1-3 

15 

2-8 

50 

2-0 

3-0 

3-5 

0-232 

120 

1-5 

Potassium  Carbonate . . 

0-20 

25 

0-2 

0-3 

6-3 

50 

0-2 

0-3 

0-3 

Ammonium  Sulphate . . 

0-20 

25 

0-7 

1-0 

1-3 

99  99  • • 

99 

60 

0-7 

1-0 

•• 

1-5 

C. — Experiments  carried  out  in  Basins  pull 

OP  LIQUID  (500cbc.) 

AND  covered 

WITH 

UNSIZED  PAPER:  DIAMETER  OP 

MOUTH 

OP 

BASiN=rl4-5cm. 

Distilled  Water  

25 

0-6 

2-0 

4-2 

4 4 4 4 

50 

0-8 

1-5 

3-5 

4 4 • ( 

120 

, , 

1-5 

Potassium  Nitrate  — 

0-132 

120 

, , 

1-5 

0-20 

25 

0-8 

1-6 

2-8 

6-0 

50 

11 

2-8 

3-5 

Amruonium  Nitrate . . . . 

0-20 

25 

1-0 

8-0 

16-0 

50 

1-3 

10-0 

16-0 

niilnrirlp  ..... 

0-132 

120 

1-8 

0-20 

25 

2-0 

3-0 

6-5 

99  

60 

2-5 

3-5 

4-5 

• 4 • . . . 

Potassium  Carbonate. . 

0-20 

25 

0-5 

0-7 

0-7 

60 

0-7 

0-9 

0-9 

Ammonium  Sulphate. . 

0-20 

25 

2-5 

9-0 

4 4 

16-0 

99  99 

99 

60 

2-5 

7-5 

* • 

12-0 
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D. — Experimeitts  carried  out  in  Corked  Flasks  nearlt  filled 

WITH  LIQUID  (SOOcbc.)  THROUGH  WHICH  A STREAM  OF  AIR  WAS 
CONTINUALLY  PASSED. 

Nature  of  Solution. 

Grams 

per 

Litre. 

Surfaces 
of  Lead 
exposed 
in  sq.cm. 

Total  Lead  in  Milligrams  in  Solution  in  the 
Liquid  after 

42 

hours 

68 

hours 

70 

hours 

138 

hours 

140 

hours 

168  1 336  1 340 
hours , hours  hours 
. 1 

505" 

hours 

Distilled  Water  

Potassium  Nitrate  .... 

51  • • • • 

Calcium  Chloride 

0’i32 

0*20 

0-20 

0-20 

55 

25 

25 

240 

25 

50 

25 

50 

25 

60 

0-8 

3-5 

0-5 

0-4 

0- 5 

1- 3 
0-7 

3-5 

0-5 

0-6 

0- 5 
3-0 

1- 3 

1-5 

1-2 

2-0 

1- 5 

3"5 

0*5? 

0-6 

0-5 

5-0 

2- 5 

51  •••••.• 

Potassium  Carbonate . . 

•5  51  • • 

Ammomum  Sulphate . . 

55  55  •• 

E. — Experiments  carried  out  in  Beakers  half  filled  with 

LIQUID  (SOOcbc.)  AND  COVERED  WITH  UNSIZED  PAPER : DIAMETER 
OF  MOUTH  OF  BEAKER=:ll'5cin.  ThE  LEAD  WAS  SUSPENDED  IN 
THE  LIQUID  SO  THAT  AN  AMOUNT  OP  SURFACE  EQUAL  TO  THAT 
IMMERSED  WAS  EXPOSED  TO  THE  AIR. 

Calcium  Chloride  .... 

55  55  •••• 

Potassium  Carbonate.. 

5 5 5 5 • • 

Ammonium  Sulphate.. 

5)  55 

0-20 

0-20 

0-20 

55 

25 

60 

25 

50 

25 

50 

1- 4 

2- 1 
traces 

0- 5 
0-8 

1- 0 

2- 5 

3- 5 
0-2 

0- 7 

1- 5 

2- 0 

3-5 

40 

0-3 

0-7 

2- 5 

3- 5 

These  results  do  not  point  to  a regular  increase  of  lead 
dissolved  associated  with  increase  of  surface  exposed.  In 
certain  cases  the  amount  of  lead  dissolved  does  increase 
most  notably  as  the  surface  exposed  is  increased,  but  in 
other  cases  it  diminishes.  The  other  conditions  affecting  the 
solvent  action  appear  to  exercise  a disturbing  influence  upon 
that  one  condition  the  action  of  which  it  was  desired  to  trace. 
Thus  in  the  case  of  distilled  water,  whether  the  surface  of 
lead  exposed  measured  25  or  50  sq.  cm.  when  the  action  was 
allowed  to  proceed  for  42  hours,  the  amount  of  lead  dissolved 
was  the  same,  nor  did  carrying  out  the  experiment  in  a 
corked  flask,  a beaker,  or  a basin  loosely  covered  with  porous 
paper,  materially  affect  the  result.  But  when  the  action  had 
proceeded  for  340  hours,  the  conclusions  to  be  drawn  are 
found  to  be  very  considerably  affected  by  the  nature  of  the 
vessel  employed.  In  closed  flasks  the  amount  of  lead  dis- 
solved slightly  decreased  with  increase  of  surface  exposed ; 
in  beakers  there  was  a very  marked  increase  in  lead  dis- 
solved with  increase  of  surface  exposed,  while  in  basins  again 
increase  of  surface  was  associated  with  decrease  of  solvent 


action.  By  looking  at  the  experiments  carried  out  in  corked 
flasks  I think  it  would  be  altogether  unwarrantable  to  say 
that  an  increase  of  surface  exposed  is  generallyassociated  with 
an  increase  in  quantity  of  lead  dissolved.  From  the  experi- 
ments carried  out  in  beakers  half  filled  with  liquid  and 
covered  with  porous  paper  I think  the  conclusion  may  be 
deduced  that  there  is  generally  an  increase  of  solvent  action 
with  increase  of  exposed  surface : this  is  especially  evident 
in  the  case  of  those  salts  which  increase  the  solvent  action 
(nitrates,  &c.)  and  after  the  lapse  of  considerable  periods  of 
time — 800  to  500  hours.  The  results  of  the  experiments 
carried  out  in  basins  do  not  permit  me  to  draw  any  general 
conclusion  on  the  subject  now  under  consideration : there  is 
sometimes  an  increase,  at  other  times  a decrease,  in  the 
amount  of  lead  dissolved  associated  with  a fixed  increase  in 
surface  exposed.  It  would  almost  appear  as  if  exposure  of 
the  liquid  to  large  surfaces  of  air  was  less  fitted  to  promote 
solvent  action  than  exposure  to  smaller  surfaces  of  air.  And 
the  experiments  carried  out  in  flasks  through  which  a stream 
of  air  continually  passed  seem  to  countenance  some  such 
conclusion  as  this.  In  these  experiments  there  was  invariably 
a diminution  in  the  quantity  of  lead  dissolved  associated 
with  an  increase  in  the  surface  exposed.  It  is  only  in  the 
last  set  of  experiments  carried  out  in  beakers  half  filled  with 
water,  and  loosely  covered,  and  having  one  half  of  the  lead 
immersed  in  the  liquid  and  the  rest  exposed  to  the  air,-— 
that  an  increase  in  lead  dissolved  is  invariably  associated 
with  increase  of  surface  exposed.  So  far  as  the  first  enquiry 
is  concerned  these  experiments  do  not  warrant  the  assumption 
of  an  invariable  increase  in  the  quantity  of  lead  dissolved 
associated  with  an  increase  in  the  surface  of  lead  exposed  to 
the  action  of  the  solvent. 

5.  Does  free  admission  of  air  to  the  surface,  or  passage  of 
air  through  the  body  of  the  liquid  influence  the  quantity  of 
lead  dissolved  ? The  bearing  of  the  experiments  upon  this 
question  will  be  best  seen  by  tabulating  the  results  so  as  to 
bring  together  the  quantities  of  lead  dissolved  by  the 
same  liquid  acting  on  a fixed  surface,  but  under  varying 
conditions  of  exposure  to  air. 
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This  is  done  in  Table  II. 


A, — Liquid  employed.  Distilled  Water. 

B.— Liquid  employed. 

Distilled  Water. 

Total  lead  (in  Mgms.) 

© 

Lead  dissolved. 

Description  of 

dissolved 

after 

Vessel. 

Vessel. 

hours 

hours. 

c/2  O 

42 

168 

1 336 

340 

505 

Xfl 

42 

168 

|336 

i340 

505 

Corked  Flask 

25 

0-7 

1-2 

1-5 

Flask  

60 

0-7 

0-9 

1-0 

Beaker  half-filled 

with  water  11 ’5 

cm.  diam.  at 

mouth  

0-4 

0-5 

0-8 

Beaker.. .. 

0-4 

1-2 

1*8 

Basin,  14  5 cm. 

1 

diam 

0-6 

2-0 

4-2 

Basin  

0-8 

1-5 

, 3-5 

Flask  with  air 

passed  through 

n 

1-5 

2-0 

C.— Liquid  employed,  Potassium  Nitrate, 

D. — Potassium  Nitrate 

0‘20  gram. 

0 20  gram,  per  litre. 

per  litre. 

Flask 

25 

0-7 

1-2 

1'6 

Flask  .... 

60 

1-0 

1-2 

1-5 

Beaker 

0-4 

0-4 

0-5 

Beaker. . . . 

0-6 

2'2 

2-5 

Basin 

0-8 

2-8 

6-0 

Basin  .... 

1-1 

2-8 

3-5 

E. — Calcium  Chloride, 

0'20  gram. 

F.— Calcium  Chloride,  0‘20  gram. 

per  litre. 

per  litre. 

Flask 

25 

1-3 

1-8 

3-0 

Flask  .... 

50 

2-0 

2-5 

2-6 

Beaker  

1-3 

1-5 

2-8 

Beaker 

2 0 

3 0 

3-5 

Basin 

20 

3-0 

5-5 

Basin  .... 

2-5 

3-5 

4 '5 

Flaskwith 

Flask  with  air  . . 

3-5 

3-5 

3-5 

air 

0-5 

0-fi 

0*5? 

Beaker  — lead 

Beaker — 

partly  suspended 

lead  partly 

in  liquid  partly 

suspended 

in  air 

>> 

1*4 

2-5 

3-5 

in  air  .... 

2-1 

3 -5 

4*0 

G.— Potassium  Carbonate,  O' 20  gram. 

H. — Potassium  Carbonate,  0'20  gram. 

per  litre. 

per  litre. 

p']  f\,«k  

25 

0-3 

0-3 

Flask 

50 

0-3 

0-3 

'R^Q.lrpr 

'o-2 

0 3 

0-3 

Beaker 

0-2' 

0-3 

0-3 

"RQ.Qin  

0-5 

0-7 

0‘7 

Basin 

0-7 

09 

0-9 

Flaskwith 

Flask  with  air  . . 

>> 

0-4 

0-6 

0-6 

air 

0-5 

0-5 

0'5 

Beaker  — lead 

Beaker — 

partly  suspend- 

lead  partly 

ed  in  air 

>} 

traces 

0-2 

0-3 

in  air 

0-5 

0-7 

07 

7 

I. — Ammonium  Sulphate,  0‘20  gram. 

J, — Ammonium  Sulphate 

0‘20  gram. 

per  litre. 

per  litre. 

T71f^.QTr  

25 

0-5 

0-7 

0-7 

Flask 

50 

0-7 

0-7 

0-7 

Beaker 

0-7 

1-0 

1-3 

Beaker.... 

99 

0-7 

1-0 

1-5 

"Rnsin  

2-5 

9-0 

16-0? 

Basin 

2-5 

7-5 

12‘0? 

Flask-u-ith 

Flask  with  air  . . 

1-3 

3-0 

5-0 

air 

99 

0-7 

1-3 

2-5 

Beaker — 

Beaker — lead 

lead  partly 

partly  in  air  — 

0‘8 

1-5 

2-5 

in  air 

1 9 

1-0 

2.0 

3-5 

7 


I have  not  tabulated  the  whole  of  the  results  here, 
but  only  those  which  are  directly  comparable  with  one 
another. 

6.  It  is  scarcely  admissible  from  these  experim  ents  to  con- 
clude that  exposure  to  air  invariably  causes  an  increase  in 
the  quantity  of  lead  dissolved.  As  in  the  consideration  of 
the  influence  of  surface  exposed,  it  was  found  to  be  difficult 
if  not  impossible  to  eliminate  other  circumstances  which 
modified  the  action,  so  here  we  appear  to  have  many  condi- 
tions tending  to  overshadow  the  effects  of  that  one  which 
it  was  especially  desired  to  study.  If  we  compare  the 
quantities  of  lead  dissolved  in  corked  flasks  and  in  open 
beakers,  the  action  appears  to  be  greater  in  the  former  than 
in  the  latter  cases,  until  we  come  to  deal  with  actions 
allowed  to  proceed  during  considerable  periods  of  time,  and 
upon  somewhat  extended  surfaces  of  lead.  When  the 
surface  exposed  extended  to  50  sq.  cm.  (to  500  cbc.  of 
liquid) — ^and  the  time  of  action  amounted  to  300— -500 
hours,  the  exposure  of  the  surface  of  liquid  to  a considerable 
surface  of  air  invariably  increased  the  quantity  of  lead  dis- 
solved in  a given  time. 

In  these  experiments  the  surface  of  liquid  exposed  to  the 
air  was  increased  from  about  2 to  about  100  sq.  cm. 

By  comparing  the  quantities  of  lead  dissolved  in  flasks  or 
beakers  and  in  open  basins  we  find  that  there  is  invariably  a 
very  marked  increase  in  the  latter  cases.  The  increase  here 
also  becomes  more  marked  when  the  action  has  been  allowed 
to  proceed  for  tolerably  extended  periods  of  time. 

In  these  experiments  the  surface  of  liquid  exposed  to  the 
action  of  air  increased  from  about  2 to  about  170  sq.  cm* 

It  may  be  that  the  relation  between  lead  exposed  and 
total  quantity  of  liquid  infiuences  the  action  of  the  air  upon 
the  metal:  this  point  I propose  to  examine  in  a further 
communication.  The  passage  of  air  through  the  various 
liquids  certainly  caused  an  increase  in  the  quantity  of  lead 
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dissolved  as  compared  with  those  quantities  found  when 
the  action  was  allowed  to  proceed  in  closed  flasks ; never- 
theless, in  every  case — with  one  exception — considerably 
smaller  quantities  were  dissolved  when  air  was  passed 
through  the  liquids,  than  when  large  surfaces  of  liquid  were 
merely  exposed  to  the  action  of  the  superincumbent  air. 

I have  already  pointed  out,  when  considering  the  influence 
of  the  extent  of  surface  of  lead  exposed,  that  the  only 
experiments  in  which  a constant  increase  in  lead  dissolved 
(independent  of  the  salt  in  solution,  the  time,  &c.)  was 
noticed,  were  those  in  which  the  lead  was  partially  suspended 
in  the  liquids  and  partially  surrounded  by  air,  the  liquids 
being  contained  in  beakers  and  exposing  a surface  of  about 
100  sq.  cm.  to  the  surrounding  air.  If  we  compare  the 
quantities  of  lead  dissolved  under  these  conditions  with  the 
quantities  dissolved  in  experiments  carried  out  in  a precisely 
similar  manner,  except  that  the  lead  was  wholly  surrounded 
by  liquid,  we  find  that  there  was  a small  but  constant 
increase  in  the  former  cases;  the  quantities  dissolved  in 
these  cases  were  not  so  large  as  those  which  passed  into 
solution  when  the  experiments  were  carried  out  in  basins 
and  the  lead  was  wholly  immersed  in  the  liquid.  On  the 
whole  then  the  exposure  of  the  various  liquids  to  a large 
surface  of  air  appears  to  cause  an  increase  in  the  quantity  of 
lead  dissolved : this  increase  becomes  specially  marked  after 
the  lapse  of  considerable  periods  of  time. 

7.  Do  the  solvent  actions  of  dilute  saline  solutions  upon 
lead  continue  during  lengthened  periods  of  time,  or  is  there 
a limit  reached  after  which  little  or  no  further  action  is  ex- 
ercised upon  the  lead  ? 

By  consulting  the  two  tables  it  becomes  very  evident 
that  so  far  as  these  experiments  allow  one  to  judge  there  is 
a constant  increase  of  lead  dissolved  with  increase  of  time 
of  action,  except  in  the  case  of  those  solutions  which  con- 
tain carbonate  of  potassium,  This  increase  appears  to  be 
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proportionately  greater  in  the  case  of  those  salts  (nitrates,  &c.) 
which  aid  the  solvent  action,  than  of  those  which  tend  to  stop 
the  solvent  action  of  water  Vipon  lead.  This  increase  is  also 
gTeater  for  equal  time-intervals,  when  a large  surface  of 
liquid  is  exposed  to  the  surrounding  air  than  when  a small 
surface  is  so  exposed.  The  increase  was  not  very  marked 
when  the  experiments  were  conducted  in  flasks  through 
which  a stream'  of  air  was  constantly  passed. 

The  exception  which  I have  made  in  fawour  of  potassium 
carbonate,  when  laying  down  the  general  rule  that  increase 
of  duration  of  action  increases  the  quantity  of  lead  dissolved, 
requires  explanation.  On  examining  the  actual  numbers 
obtained  it  is  evident  that  the  amount  of  lead  dissolved  by 
liquids  which  contained  potassium  carbonate  did  increase 
as  the  action  proceeded,  up  to  a certain  point : this  increase 
was  however  very  slight  and  after  the  expiry  of  340  hours 
it  ceased.  Hence  I conclude  provisionally  that  in  the  pre- 
sence of  this  salt  the  solvent  action  of  water  upon  lead 
soon — comparatively  speaking — reaches  a maximum.  I 
intend  to  investigate  this  subject  more  fully  in  a future 
communication. 

8.  In  conclusion,  it  appears  to  be  shown  by  these  experi- 
ments that  the  solvent  action  of  dilute  saline  solution  upon 
lead  tends  to  attain  a maximum  when  large  surfaces  of 
liquid  are  exposed  to  the  surrounding  air,  and  when  the 
volume  of  liquid  is  large  in  proportion  to  the  surface  of  lead 
exposed.  Further,  that  under  these  conditions,  and  in  the 
presence  of  those  salts  which  aid  the  action  — especially 
nitrates  and  more  especially  ammonium  nitrate — the  quantity 
of  lead  dissolved  increases  in  an  increasing  ratio  with  the 
time  during  which  the  action  is  allowed  to  proceed. 

Mam^  experiments  must  however  be  yet  carried  out  be- 
fore I can  permit  myself  to  generalise  with  safety,  and  these 
experiments  must  be  conducted  on  a larger  scale  before  the 
results  obtained  can  be  applied  to  the  actual  conditions 
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which  influence  the  mutual  action  of  water  and  lead  in  our 
domestic  water  supply. 

9.  By  comparing  the  absolute  quantities  of  lead  dissolved 
as  stated  in  the  foregoing  tables  with  those  tabulated  in 
former  papers  and  obtained  under  somewhat  comparable 
circumstances,  it  is  apparent  that  the  present  numbers  are 
much  smaller  than  the  former.  This  I believe  to  be  due 
to  the  chemical  purity  of  the  lead  itself.  In  former  experi- 
ments I made  use  of  ordinary  sheet  lead : in  the  present 
experiments  what  is  sold  by  the  chemical  dealer  as  “ pure 
lead”  was  employed.  I believe  that  many  contradictory 
results  noticed  in  the  numbers  obtained  by  different  experi- 
menters on  the  subject  of  the  action  of  water  on  lead  can 
be  traced  to  slight  differences  in  the  purity  of  the  lead  em- 
ployed by  them.  I purpose  to  examine  this  subject  quanti- 
tatively, and  hope  on  a future  occasion  to  lay  the  results 
before  the  Society. 
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Ordinary  Meeting,  October  17tb,  1876. 

E.  W.  Binney,  F.KS.,  F.G.S.,  President,  in  the  Chair. 

Mr.  Baxendell  drew  attention  to  a paper  On  the  pro- 
tection of  buildings  from  lightning,”  read  by  Prof.  J.  Clerk 
Maxwell  at  the  late  meeting  of  the  British  Association  at 
Glasgow,  and  stated  that  the  system  of  protection  recom- 
mended by  the  Professor,  and  which  he  appears  to  have 
regarded  as  new,  was  suggested,  and  its  adoption  strongly 
advocated,  nearly  forty  years  ago  by  the  late  Mr.  Sturgeon, 
whose  many  valuable  contributions  to  electrical  and  mag- 
netical  science  seem  to  have  been  strangely  overlooked  by 
recent  investigators  and  writers.  The  paper  in  which  the 
system  was  first  described  was  read  before  the  London 
Electrical  Society  on  the  7th  of  March,  1838,  and  an  abstract 
of  it  was  published  in  the  2nd  vol.  of  the  “Annals  of  Elec- 
tricity.” There  is  however  one  important  difference 
between  the  two  systems.  Mr.  Sturgeon  considered  it 
necessary  that  the  copper  sheathing  or  covering  of  a pro- 
tected room  or  powder  magazine  should  be  well  connected 
with  the  ground;  but  Prof.  Maxwell  is  reported  to  have 
stated  that  “ there  would  be  no  need  of  any  earth  connec- 
tion. They  might  even  place  a layer  of  asphalt  between  the 
copper  floor  and  the  ground,  so  as  to  insulate  the  building.” 
It  is  obvious,  however,  that  if  the  magazine  were  struck  by 
lightning  a disruptive  discharge  through  the  layer  of  asphalt 
would  in  all  probability  take  place,  which  might  rupture 
the  copper  sheathing,  and  thus  ignite  the  contents  of  the 
magazine ; but  by  the  adoption  of  Mr.  Sturgeon’s  plan  an 
accident  of  this  kind  could  not  occur. 

Peoceedixgs— Lit.  & Phil.  Soc.— Vol.  XYI.—No.  2.— Session  1876-7. 
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Remarhahh  Meteor. — The  Piiesident  said  that  on  Tues- 
day the  15th  of  August  last,  whilst  standing  on  the  deck  of 
the  packet  in  Douglas  Bay,  in  the  Isle  of  Man,  he  observed 
one  of  the  most  brilliant  meteors  that  he  had  ever  seen. 
At  about  35  minutes  past  9 o’clock  p.m.,  Greenwich  time, 
he  was  looking  towards  the  west,  when  he  observed  a body, 
apparently  larger  than  the  planet  Jupiter,  in  the  S.S.E.,  at 
an  elevation  of  about  30°  with  the  horizon,  traversing  the 
heavens  at  first  in  a nearly  horizontal  direction,  then  gradu- 
ally declining  and  finally  disappearing  by  a steep  curve  to 
the  N.N.W.  When  first  observed  it  appeared  to  be  of  a 
yellowish  colour,  but  it  changed  to  a greenish  blue  before  it 
sank  out  of  sight.  During  its  last  stage  it  reminded  him  of 
a large  Roman  candle,  and  from  its  great  brilliancy  appeared 
to  be  not  very  far  from  the  place  where  he  stood,  but 
he  observed  no  signs  of  its  bursting,  and  it  left  little 
trace  of  a luminous  track  behind  it.  The  speed  at  which 
it  travelled  appeared  to  be  less  than  that  of  most  meteors 
which  he  had  observed. 

This  meteor  appears  to  have  been  observed  by  several 
parties,  for  Mr.  J.  P.  Norris  wuote  to  the  Times  from  Abbey 
House,  Bristol,  under  date  of  August  15,  “A  brilliant  meteor 
has  this  moment  fallen  due  west  of  this  house.  It  first 
appeared  in  the  neighbourhood  of  Arcturus,  then  seemed  to 
burst  and  trail  light  of  rainbow  colour,  and  was  visible  to 
near  the  horizon  slanting  towards  the  north.  Its  distance 
cannot  have  been  great,  for  we  saw  it  throughout  two 
thirds  of  its  course  against  a dark  cloud.  It  may  have 
fallen  therefore  in  the  neighbourhood  of  Clevedon.”  A 
correspondent,  writing  from  Further  Barton,  Cirencester, 
on  Vfednesday,  says,  ‘’At  about  9.30  yesterday  evening 
(16th)  a magnificent  meteor  was  seen  from  this  place,  pass- 
ing slowly  across  the  north-western  heavens  about  midway 
between  Arcturus  and  the  horizon.  Tho  colour  was  vivid 
pale  green,  it  left  a greenish  wake  behind  it,  and  burst 
with  brilliant  scintilations  of  whiter  light” — and  another  says, 
“At  9.30  last  night,  Greenwich  time,  I saw  the  finest  meteor 
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or  fire  ball  that  it  has  ever  been  my  fortune  to  observe.  It 
passed  just  below  E Bootes  and  travelled  northwards  in  a 
descending  direction  between  A Canes  Yenatici  and  the 
large  cluster  in  Coma,  rather  nearer  the  latter.  It  exactly 
resembled  the  globe  of  fire  projected  by  a Homan  candle ; 
the  colour  was  of  a brilliant  yellow,  and  then  after  changing 
to  a vivid  green  the  meteor  disappeared.  The  ball  was 
pure  and  unattended  by  luminous  track.” 

He  gave  the  above  particulars  to  show  how  observers 
were  deceived  as  to  the  distance  of  meteors.  The  party 
who  observed  the  one  on  the  15th  of  August  near  Bristol 
thought  that  it  fell  near  Clevedon,  while  he  (the  President) 
seeing  it  at  Douglas,  220  miles  N.N.W.  of  that  city,  ima- 
gined it  at  no  very  great  distance  from  him.  He  brought 
the  matter  before  the  Society  for  the  purpose  of  enquiring 
whether  the  meteor  had  been  observed  by  other  parties, 
especially  residents  in  Belfast  or  GlasgoA\r^  in  order  to  ascer- 
tain if  it  had  been  seen  westwards  of  those  two  places. 

Mr.  A.  M.  Worthington  described  the  changes  which 
take  place  in  the  forms  of  drops  of  liquids  falling  vertically 
on  a horizontal  surface,  and  exhibited  the  apparatus  used 
in  his  experiments,  and  also  a series  of  smoked  glass  plates 
bearing  the  impressions  produced  by  the  falling  of  drops  of 
liquids  from  different  heights. 

Oil  the  Directions  of  the  Face  Joints  of  Oblique  Arches,’'* 
by  J.  B.  Millar,  B.E.,  communicated  by  Professor  0. 
Keynolds,  M.A. 

It  was  observed  by  Mr.  Buck,  as  described  in  his  well- 
known  “Essay  on  Oblique  Bridges,”  that  in  the  drawings  of 
the  faces  of  oblique  arches  when  the  face  joints  were  drawn 
straight  lines  and  produced,  they  all  met  in  one  point  on 
the  vertical  line  intersecting  the  axis  of  the  arch.  That 
point  he  called  the  “focus”  and  its  distance  from  the  axis  of 
the  arch  the  “ eccentricity^”  He  gives  no  reason  for  this 
convergence  of  the  face  joints;  but  taking  it  as  a fact,  he 
determined  the  focus  for  the  joints  at  the  springing,  and  so 
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obtained  an  expression  from  which  the  eccentricity  may  be 
found  for  any  given  arch. 

In  the  Philosophical  Magazine  for  January,  1862,  G.  B. 
Airy,  Astronomer  Royal,  demonstrated,  by  the  method  of 
analysis,  the  truth  of  the  theorem  for  the  tangents  to  the 
face  joints  at  points  equally  distant  from  the  axis;  such,  for 
instance,  as  the  points  on  the  ellipse  formed  by  the  intersec- 
tion of  the  soffit  with  the  plane  face.  The  following 
demonstration,  besides  being  shorter  than  that  given  by 
the  Astronomer  Royal;  depends  only  on  elementary  geome- 
trical principles,  and,  it  is  believed,  will  convey  a clearer 
notion  of  the  state  of  the  case,  at  least  to  engineers,  whose 
point  of  view  for  subjects  of  this  kind  is  frequently  different 
from  that  of  the  mathematician. 

The  coursing  joints  of  an  oblique  arch  are  helical  surfaces 
of  equal  pitch ; that  is  to  say,  they  are  surfaces  generated 
by  a straight  line  which  revolves  uniformly  about  the  axis 
at  right  angles  to  it,  and  which  at  the  same  time  has  a uni- 
form motion  along  the  axis ; the  ratio  of  these  two  motions 
being  constant  for  all  the  joints.  A face  joint  is  the  line  of 
intersection  of  one  of  these  helical  surfaces  with  the  plane 
of  the  face.  It  will  readily  be  seen  that  these  face  joints 
are  curves,  but  the  curvature  is  very  slight  for  the  ordinary 
dimensions  and  angles  of  arches.  The  only  joint  which 
could  be  straight  would  be  a vertical  one,  and  there  is  none 
such  in  the  face  of  an  arch. 


Let  BC  represent  the  projection  of  half  the  face  of  the 
arch  on  a horizontal  plane  containing  the  axis,  which  passes 
through  C,  and  hg’I)  the  elevation  of  the  soffit  on  a plane 
perpendicular  to  the  axis ; it  is  required  to  show  that  the 
tangents  to  the  face  joints  at  any  points  on  BGD  (G  is  the 
point  on  the  soffit  of  which  gg  are  the  projections)  meet  at 
one  point  on  the  vertical  line  CA. 

The  tangent  to  the  face  joint  at  any  point  is  the  line  of 
intersection  of  the  plane  face  and  the  tangent  plane  to  the 
helical  surface  at  that  point. 

First. — To  find  the  tangent  to  the  face  joint  at  the  point 
B.  The  tangent  plane  to  the  helical  surface  at  B contains 
the  generator  AB  and  the  tangent  to  the  helix  which  passes 
through  B,  that  helix  being  the  line  of  intersection  of  the 
helical  surface  with  the  cylinder  which  is  the  soffit  of  the 
arch.  These  two  lines  determine  the  tangent  plane.  As  the 
tangent  to  the  helix  at  B lies  in  the  tangent  plane  to  the 
cylinder  and  makes  an  angle  (p,  which  is  the  angle  of  skew- 
back  of  the  soffit,  with  B5,  the  point  in  which  it  intersects 
the  vertical  plane  of  projection  may  be  found  as  follows  : — 

Draw  BE^  making  an  angle  <p  with  Bb,  and  make  6E  equal 
; E is  the  vertical  trace  of  the  tangent  to  the  helix  at  B 
— BE^  is,  in  fact,  the  position  of  the  tangent  line  in  question 
when  the  tangent  plane  to  the  cylinder  is  turned  about  Bh 
till  it  becomes  horizontal.  But  the  tangent  plane  to  the 
helical  surface  at  B also  contains  the  line  AB,  which  is  parallel 
to  the  vertical  plane  of  projection ; consequently  EO,  parallel 
to  60,  is  the  vertical  trace  of  the  tangent  plane.  Hence  it 
follows  that  the  line  of  intersection  of  this  plane  with  the 
plane  face  B6  passes  through  0 (in  elevation),  and  since  it 
also  passes  through  B,  06  is  the  vertical  projection  of  the 
tangent  to  the  face  joint  at  B. 

Second. — Let  any  other  point  G be  taken  of  which  the 
projections  are  g and  g'.  As  before,  the  tangent  plane  to 
the  helical  surface  is  determined  by  the  generator  GF  and 
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the  tanpfent  line  to  the  helix  traced  on  the  soffit  thiou2’h  G. 

The  tangent  to  the  helix  lies  in  the  plane  G^'H,  so  that 
by  drawing  making  the  angle  0 with  gh  and  setting  off 
equal  to  L/i^,  the  vertical  trace  of  the  tangeut  to  the 
helix  in  G is  found.  Hence  the  vertical  trace  of  the  tan- 
gent plane  to  tlie  helical  surface  at  G passes  through  H and 
is  parallel  to  gC,  the  vertical  projection  of  the  generator 
at  G. 

Draw  HK  parallel  to  Cg',  meeting  the  vertical  line  g'L 
at  K. 

As  the  triangles  KH^'  and  CL^'  are  similar, 

Kg'  ^ Cg'  _Ch  hE, 

Bg’  " CL  “CL'^L  ~ Lh, 

But  H^'=L/q  by  construction, 

Therefore  K^'=r6E^  = CO. 

Consequently  the  line  HK  produced  will  pass  through 
O and  the  vertical  projection  of  the  tangent  to  the  face 
joint  at  G is  0^'. 

In  the  same  way  it  may  be  shown  that  the  tangent  to  a 
face  joint  at  any  other  point  of  AGD  passes  through  0. 

Q.E.D. 

Let  the  angle  BC6=rSr= angle  of  obliquity  of  the  arch. 

Then  B6=r  tan  where  r — the  radius  of  the  soffit. 

Kh=:Bh  tan  0 = CO. 

Therefore  CO  = r tan  3”  tan 

This  is  the  same  value  for  the  eccentricity  as  that  found 
by  Buck,  and  is  perfectly  general,  depending,  as  it  does, 
only  on  the  radius  of,  the  cylinder,  the  angle  of  skewback 
for  that  cylindei',  and  the  obliquity  of  tlie  arch.  The  sim- 
plest method,  however,  of  obtaining  the  point  0 is  that 
shown  above  by  means  of  a geometrical  construction. 
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Ordinary  Meeting,  October  31st,  1870. 

Kev.  William  Gaskell,  M.A.,  in  the  Chair. 

Professor  Eeynolds  said  that  he  thought  the  manner  in 
which  some  of  the  Manchester  papers  had  heralded  the  re- 
turn of  the  Arctic  Expedition  very  unfortunate.  Failure 
of  the  Arctic  Expedition.  Collapse  of  the  Arctic  Expedi- 
tion appeared  in  large  capitals.  And  although  these  might 
be  explained  as  referring  to  the  failure  to  reach  the  Pole, 
this  was  not  the  impression  tliey  conveyed  to  the  public 
mind.  Many  readers  of  the  newspapers  never  get  beyond 
the  large  type,  and  of  those  who  do,  a very  large  proportion 
accept  the  decision  of  the  paper  as  expressed  in  the  heading 
without  question.  In  this  case  the  result,  appeared  to  have 
been  to  create  a very  general  impression  that  the  expedition 
had  failed  in.  its  object;  whereas,  in  truth,  it  had  been  one 
of  the  finest  achievements  ever  accomplished.  Looked  at 
boldly  it  comes  to  this.  Since  Hudson’s  time,  more  than 
200  years,  Arctic  Navigators  had  succeeded  in  penetrating 
about  60  or  70  miles  of  the  540  to  be  passed  before  the  Pole 
could  be  reached.  Whereas  Captain  Nares  has,  in  one  year, 
carried  the  British  Flag  some  60  miles  nearer,  so  that  nearly 
one  half,  and  this  by  far  the  most  difficult  half,  of  the  entire 
result  of  all  expeditions  since  Hudson’s  time,  has  been  ac- 
complished by  the  last.  And  this  is  not  all.  Captain  Nares 
seems  to  have  pursued  the  journey  to  its  end,  at  least  by 
that  route;  and  in  coming  back  can  say  that  he  did  not 
leave  a single  uncertainty  behind  him.  So  far,  therefore, 
from  having  been  a failure,  this  has  been  the  most  suc- 
cessful expedition  ever  sent  out. 

Peoceidings- Lit,  & Phil.  Soc.— Tol.  XVI.— No.  3— Session  1S76-7« 
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Mr.  William  E.  A.  Axo^i,  F.S.S.,  exhibited  a volume 
entitled  “Gildas  Salvianus  By  Bichard  Baxter.  London, 
1656.”  On  the  title-page  was  the  autograph  of  Henry 
Newcome,M.A.,  the  founder  of  Honcomformity  in  Manchester, 
and  predecessor  of  the  Rev.  W.  Gaskell,  M.A.,  as  minister 
of  the  original  chapel  in  Cross-street.  Newcome  has  care- 
fully corrected  the  errata  in  the  book,  which  he  had  evidently 
read  with  care.  His  diary  contains  the  following  charac- 
teristic notice  of  the  book : — 1692,  “November  21st.  I read, 
as  I had  time,  in  ‘Gildas  Salvianus,’  which  did  greatly  trouble 
me  to  see  how  sadly  I fall  short  of  what  a minister  of  Christ 
should  be.” — Autobiog.  of  Henry  Neiocome,  M.A.  Ed.  by 
B.  Parkinson,  D.D.  Cheetham  Soc.  1852.  2^- 

“ On  a Portrait  of  Tycho  Brahe.”  By  Samuel  Crompton^ 

M.H. 

Dr.  Ckompton  exhibited  a portrait,  in  oil,  of  Tycho  Brahe, 
and  gave  some  particulars  respecting  the  known  portraits  of 
Brahe.  This  picture  is  on  canvas,  and  is  3 feet  and  3f 
inches  high,  and  2 feet  and  6 J inches  wide.  It  represents 
a man  of  ruddy  complexion,  standing  and  looking  forwards. 
He  is  bareheaded ; has  little  hair  and  that  short  on  the  head 
of  a yellowish  colour  verging  to  red.  He  has  very  long 
moustaches  and  a short  beard.  He  wears  a wide  ruff  round 
the  neck  edged  with  wide  open  lace.  He  wears  a black 
jacket  buttoned  down  to  the  waist  with  gold  buttons,  and 
he  is  decorated  with  the  Danish  Order  of  the  Elephant  and 
Castle,  suspended  by  a gold  chain  from  his  neck,  with  a 
portrait  in  profile  of  the  king  in  front  of  the  body  of  the 
elephant,  and  below  the  elephant  the  letters  MHZGA.  He 
has  a broad  belt  of  gold  round  the  waist.  The  right  hand 
is  nearly  at  a right  angle  with  the  body  and  rests  on  his 
side,  and  on  its  little  finger  there  is  a curious  twisted  ring 
of  five  turns.  In  his  left  hand  he  holds  a pair  of  gloves; 
and  on  the  left  forefinger  there  is  a large  signet  ring.  There 
is  also  a ring  on  the  fourth  and  another  on  the  fifth  finger. 
He  has  wristbands  edged  with  open  lace. 
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In  the  right  upper  corner  of  the  picture  (that  is,  to  B.’s 
right,),  there  is  a curious  emblematic  design,  consisting  of  a 
round  tapering  column  springing  from  a square  base,  around 
which  at  its  foot  are  waves.  Over  the  monument  is  a canopy 
suspended  by  a strong  chain,  a few  links  only  of  which  are 
visible,  the  top  being  lost  in  clouds,  and  the  chain  itself  has 
flames  playing  round  it.  Two  JEolic  heads  (one  on  each 
side)  are  represented  as  blowing  towards  the  canopy  and 
column.  Lower  down,  and  to  the  right  and  left  of  the 
column,  are  two  hands  (one  on  each  side)  holding  each  a jug 
from  which  water  flows.  Clouds  and  lightning  surround  the 
background,  the  wrists  of  the  hands  holding  the  jugs,  and 
also  the  jBolic  heads.  Bound  the  monument  is  a label  not 
entirely  decipherable  with  the  words:  “Stans  (tectus  ?)  in 
solido;”  then  follows  an  indistinct  word  and  “igne  e • tunda” 
(sic.)  “Igne  et  unda”  was  no  doubt  intended.  In  the 
left  upper  corner,  in  large  and  distinct  letters,  is  this  inscrip- 
tion: “Effigies  Tychonis  Brahe,  Otton.  Da.  anno  50  com- 
pleto  quo  post  diutinum  in  patria  exilium  libertati  desideratse 
divino  provisu  restitutus  est.” 

Dr.  Crompton  pointed  out,  by  references  to  Gassendi’s 
“ Tychonis  Brahe  Yita,  4to,  Hagoe  Comit.  1656,”  that  the 
inscription  referred  to  Brahe’s  departure  from  Denmark,  and 
that  the  “exilium  in  patria”  was  an  allusion  to  his  residence 
on  his  island  of  Huenna,  in  his  Observatory,  away  from  the 
court  for  twenty  years.  The  emblematic  picture  evidently 
implies  that  nothing  (not  all  the  elements)  could  destroy 
the  monument  he  had  erected  to  his  reputation  by  his 
observations ; and  that  that  they  would  be  protected  by 
Providence. 

Dr.  Crompton  exhibited  two  other  engraved  portraits  of 
Tycho : the  first  of  them  engraved  by  Meurs,  in  which  he  is 
surrounded  by  heraldic  coats  of  arms,  and  with  an  inscrip- 
tion to  the  effect  that  the  portrait  represented  him  on  the 
completion  of  his  40th  year  in  1586.  The  second  engraving 
was  by  Haas,  of  Copenhagen,  and  is  without  a date.  In 
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both  of  these  engravings  Brahe  is  represented  with  a cap  on 
his  head  and  wearing,  suspended  by  a double  chain,  the 
Danish  Order  of  the  Elephant  and  Castle,  but  without  the 
portrait  of  the  king,  and  without  the  letters  on  Dr.  C.’s 
portrait. 

Dr.  C.  proceeded  to  show  from  Gassendi,  page  71,  that 
King  Frederick  had  given  him  the  Order;  and  that  subse- 
quently his  son.  King  Christian  (Gassendi,  page  116),  had 
given  him  a second  badge,  which  he  himself  w^ore ; — that  the 
king  had  taken  it  off  his  own  neck  and  put  it  round  Brahe’s, 
and  he  particularly  mentions  that  this  second  badge  had  a 
portrait  of  the  king  upon  it,  as  it  actually  is  represented  in 
Dr.  Crompton’s  portrait.  Gassendi  mentions  an  engraving 
of  Brahe  in  which  he  is  represented  wearing  both  of  the 
Orders  so  given  to  him. 

As  the  inscription  on  Dr.  Crompton’s  portrait  says  that  it 
was  painted  on  the  completion  of  his  50th  year,  it  is  a 
representation  of  Tycho  ten  years  later  than  the  engraving 
by  Meurs,  of  1586;  and  the  tenor  of  the  emblems  and  the 
inscription  seem  to  be  conclusive  that  the  picture  was 
painted  after  Brahe  had  left  Denmark,  which  he  did 
(Gassendi,  p.  112)  about  Midsummer,  1597,  whence  he  went 
to  Kostock,  but  which  place  he  left  for  fear  of  the  plague 
after  the  end  of  October,  when  by  invitation  he  went  to  the 
Castle  of  Wandsburgh,  near  Hamburgh,  to  stay  with  his 
friend,  Kanzovius.  Immediately  on  his  arrival  there  he 
composed  a long  poem  in  Latin,  given  by  Gassendi  at  pages 
143, 1,  and  5,  in  which  he  complains  bitterly  of  his  country’s 
blindness  and  want  of  appreciation  of  his  notable  services) 
which  he  lauds  in  a remarkable  way,  but  not  beyond  their 
deserts.  In  the  course  of  this  poem  are  passages  which 
justify  the  emblem  on  Dr.  C.’s  portrait  and  several  lines 
which  bear  closely  on  the  inscription  on  his  picture. 

The  following  may  be  quoted  : — 

Pro  quibus,  o Siiperi,  mihi  gratia  reddita  tails, 

Sex  ego  cum  iiatis,  matreque  ut  exsul  agam ! 
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Sum  tamen  hand  exsul,  lihertas  contigit  ampla  ; 

Exsilium  in  patria,  verius  ante  tuli. 

Nunc  ego  prosper  ago ; proprii  nunc  juris  alumnus  ; 

JSTunc  mihi  pro  patria  maximus  orbis  adest.  p.  145. 

From  these  facts  Dr.  C.  conjectures  that  the  portrait  was 
painted  between  the  end  of  October  and  the  13th  of  Dec., 
1597.  It  could  not  have  been  painted  later  than  the  18th 
of  December,  for  then  the  inscription  would  have  been  ^^anno 
51  complete,”  and  as  this  poem  is  addressed  to  Kanzovius,  the 
presumption  is  that  it  was  written  after  Brahe’s  arrival  at 
Eanzovius’s,  And  Dr.  C.  conjectures  that  the  portrait  may 
have  been  painted  to  be  engraved  for  Brahe’s  Mechanica,” 
which  he  immediately  began  to  print  at  Hamburgh  whilst  he 
remained  at  Banzovius’s,  and  that  there  may  not  have  been 
time  to  have  it  engraved;  or,  may  be,  it  was  too  self-glorious. 

The  residence  of  Kanzovius,  half  a mile  from  Hamburgh, 
existed  till  ten  or  fifteen  years  ago,  when  it  was  pulled  down, 
and  a full-length  portrait  of  Brahe  disappeared,  representing 
him  with  an  astronomical  instrument  in  one  hand. 

Dr.  C.  exhibited  a photograph  from  his  picture,  taken  by 
an  able  photographer,  Mr.  White,  Crescent,  Salford,  to  whom 
he  has  given  permission  to  dispose  of  impressions  of  it. 

“ Remarks  on  the  General  Affections  of  the  Barometer 
noticed  by  Mr.  J.  A.  Broun,”  by  Professor  B.  Stewart,  LL.D., 
F.RS. 

Mr.  J.  A.  Broun  has  found  as  an  experimental  fact  that 
simultaneous  variations  of  the  barometric  pressure  occur  at 
such  distant  portions  of  the  globe  as  to  lead  to  the  inference 
that  the  whole  globe  is  thus  affected,  from  which  Mr.  Broun 
infers  that  some  other  force  besides  gravity  is  concerned  in 
these  phenomena. 

We  know  as  a matter  of  fact  that  there  are  causes  at 
work  which  give  rise  to  electrical  separation,  although  we 
may  not  know  the  precise  nature  of  these  causes.  Thus 
evaporation  goes  on  from  the  surface  of  the  sea  and  of  the 
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land.  Changes  take  place  in  the  amount  of  aqueous  vapour 
held  by  the  air,  and  also  probably  in  the  molecular  state  of 
this  aqueous  vapour.  But  although  we  may  not  be  able  to 
point  to  the  specific  actions  which  produce  electrical  sepa- 
ration, we  know  that  such  separation  implies  a one-sidedness 
or  heterogeneity;  and  since  gravity  will  presumably  act 
differently  on  the  two  things,  we  may  probably  suppose 
that  one  of  the  constituents  which  have  caused  this  electrical 
separation  may  have  a tendency  to  mount  upwards  in  the 
atmosphere,  while  the  other  may  have  a tendency  to  move 
downwards.  For  instance,  ir  evaporation  from  the  surface 
of  the  earth  or  sea  be  one  cause  of  this  electrical  separation, 
we  might  imagine  the  land  or  sea  to  become  electrified  in 
one  way,  while  the  vapour  electrified  in  the  other  direction 
might  mount  in  the  air,  owing  to  its  being  specifically  lighter. 
In  fine,  whatever  be  the  cause  of  the  electrical  separation, 
we  may  presumably  suppose  that  the  one  constituent  will 
either  remain  below  or  find  its  way  downwards,  while  the 
other,  carrying  with  it  its  peculiar  electricity,  will  mount 
upwards. 

Now,  may  not  the  earth  be  regarded  as  a Leyden  Jar,  the 
sea  and  earth  forming  one  coating,  and  the  upper,  rarer,  and 
hence  electrically  conducting  strata  of  air  forming  the  other 
coating ; and  will  not  the  tendency  of  the  action  above  named 
be  to  charge  the  upper  coating  with  one  kind  of  electricity 
and  the  under  with  another  ? 

Such  a process  would  of  course  be  continually  going  on, 
while  on  the  other  hand  the  earth,  regarded  as  a Leyden  Jar, 
would  by  means  of  thunderstorms,  and  possibly  by  other 
means,  be  continually  discharging  itself. 

Next,  let  us  suppose  that  by  some  extensive  local  circum- 
stances a greater  than  usual  electrical  separation  and  charging 
of  the  Earth  Jar  has  been  going  on.  The  effect  of  this  local 
cause  would,  however,  not  be  local,  but  would  contribute  to 
increase  the  charge  of  the  earth  as  a whole — as  one  jar  in 
act,  so  that  the  earth  as  a whole  might,  for  a short  period. 
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be  increasing  its  charge — the  local  charging  causes  being  in 
excess  of  the  local  discharges. 

Next,  would  not  this  excessive  charge  appear  to  increase 
the  barometric  pressure  of  the  air  over  the  whole  earth  ? 

On  the  other  hand,  we  may  imagine  the  discharging 
influences  to  be  sometimes  in  excess  of  the  charging  causes, 
and  then  the  electrical  separation  of  the  Earth  Jar  would 
diminish,  and  the  barometric  pressure  of  the  air  appear  to 
diminish  also. 

These  remarks  are  put  forward  not  as  a formal  theory, 
but  rather  with  the  view  of  inviting  discussion.  In  con- 
sidering a fact  such  as  that  brought  forward  by  Mr.  Broun, 
we  must  first  endeavour  to  explain  it  by  the  operation  of 
some  known  cause.  I have  therefore  introduced  a force 
which  we  know  to  exist,  and  a mode  of  operation  which  is 
not  at  first  sight  improbable.  It  may  be  thought  that 
electrical  separation  can  hardly  be  great  enough  to  produce 
a sensible  barometrical  difference.  Let  this  be  proved,  and 
a point  will  be  gained  by  the  dismissal  of  what  seems  at 
first  sight  a possible  hypothesis. 

Meanwhile-— to  bring  these  remarks  to  a practical  issue- 
might  it  not  be  well  to  examine  the  records  of  atmospherical 
electricity  corresponding  to  the  dates  of  Mr.  Broun’s  obser- 
vations with  the  view  of  ascertaining  whether  Mr.  Broun’s 
results  are  in  any  way  connected  with  the  electrical  state 
of  the  earth’s  envelopes. 

“ On  the  Manner  in  which  Kaindrops  and  Hailstones  are* 
Formed,”  by  Professor  Osboene  Keynolds,  M.A. 

When  the  particles  of  water  or  ice  which  constitute  a 
cloud  or  fog  are  all  of  the  same  size  and  the  air  in  which 
they  are  sustained  is  at  rest  or  is  moving  uniformly  in  one 
direction,  then  these  particles  can  have  no  motion  relatively 
to  each  other.  The  weight  of  the  particles  will  cause  them 
to  descend  through  the  air  with  velocities  which  depend  on 
their  diameters,  and  since  they  are  all  of  the  same  size,  they 
will  all  move  with  the  same  velocity. 
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Under  these  circumstances  therefore  the  particles  will  not 
traverse  the  spaces  which  separate  them,  and  there  can  be 
no  aggregation  so  as  to  form  raindrops  or  hailstones. 

If,  however,  from  circumstances  to  be  presently  consi- 
dered, some  of  the  particles  of  the  cloud  or  fog  attain  a larger 
size  than  others,  these  will  descend  faster  than  the  others, 
and  will  consequently  overtake  those  immediately  beneath 
them,  with  these  they  may  combine  so  as  to  form  still  larger 
particles,  which  will  mo^/e  with  greater  velocity  and  more 
quickly  overtaking  the  particles  in  front  of  them  wiU  add  to 
their  size  at  an  increasing  rate. 

Under  such  circumstances  therefore  the  cloud  would  be 
converted  into  rain  or  hail  according  as  the  particles  were 
water  or  ice. 

The  size  of  the  drops  from  such  a cloud  would  depend 
simply  on  the  quantity  of  water  suspended  in  the  space 
swept  through  by  the  drop  in  its  descent,  that  is  to  say,  on 
the  density  and  thickness  of  the  cloud  below  the  point  from 
which  the  drops  started. 

My  object  in  this  paper  is  to  suggest  that  this  is  the  actual 
way  in  which  raindrops  and  hailstones  are  formed. 

I was  first  led  to  this  conclusion  from  observing  closely 
the  structure  of  ordinary  hailstones. 

Although  to  the  casual  observer  hailstones  may  appear 
to  have  no  particular  shape  except  that  of  more  or  less  im- 
perfect spheres ; on  closer  inspection  they  are  seen  all  to 
partake  more  or  less  of  a conical  form  with  a rounded  base 
like  a sector  of  a sphere. 

In  texture  they  have  the  appearance  of  an  aggregation  of 
minute  particles  of  ice  fitting  closely  together,  but  without 
any  crystalization  such  as  that  seen  in  the  snow-flake; 
although  the  surface  of  the  cone  is  striated  the  striae  radi- 
ating from  the  vertex. 

Such  a form  and  texture  as  this  is  exactly  what  would 
result  if  the  stones  were  formed  in  the  manner  described 
above.  When  a particle  which  ultimately  formed  the  vertex 
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of  the  cone,  started  on  its  downward  descent  and  encountered 
other  particles  on  its  lower  face,  they  will  adhere  to  it, 
however  slightly.  The  mass,  therefore,  would  grow  in  thick- 
ness downwards ; and  as  some  of  the  particles  would  strike 
the  face  so  close  to  the  edge  that  they  would  overhang,  the 
lower  face  would  continually  grow  broader,  and  a conical  form 
be  given  to  the  mass  above. 

When  found  on  the  ground  the  hailstones  are  generally 
imperfect ; and  besides  such  bruises  as  may  be  accounted 
for  by  the  fall,  many  of  them  appear  to  have  been  imperfect 
before  reaching  the  ground.  Such  deformities,  however, 
may  be  easily  accounted  for. 

The  larger  stones  fall  faster  than  those  which  are  smaller, 
and  consequently  may  overtake  them  in  their  descent ; and 
then  the  smaller  stones  will  stick  to  the  larger  and  at  once 
deform  them.  But  besides  the  deformation  caused  by  the 
presence  of  the  smaller  stone,  the  effect  of  the  impact  may 
be  to  impart  a rotary  motion  to  the  stone,  so  that  now  it 
wiU  no  longer  continue  to  grow  in  the  same  manner  as 
before.  Hence  we  have  causes  for  almost  any  irregularities 
of  form  in  the  ordinary  hailstone. 

It  appears  from  the  numerous  accounts  which  have  been 
published  that  occasionally  hailstones  are  found  whose 
form  is  altogether  different  from  that,  described  above. 
These,  however,  are  exceptional,  and  to  whatever  causes 
they  may  owe  their  peculiarities  these  causes  cannot  affect 
the  stones  to  which  I am  referring. 

Again,  on  careful  examination  it  is  seen  that  the  ordinary 
hailstones  are  denser  and  firmer  towards  their  bases  or 
spherical  sides  than  near  the  vertex  of  the  cone,  which 
latter  often  appears  to  have  broken  off  in  the  descent. 
This  also  is  exactly  what  would  result  from  the  manner 
of  formation  described  above. 

When  the  particle  first  starts  it  will  be  moving  slowly, 
and  the  force  with  which  the  particles  impinge  upon  it  will 
be  slight  and,  consequently,  its  texture  loose ; as,  however. 
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it  grows  in  size  and  its  velocity  increases  it  will  strike  the 
particles  it  overtakes  with  greater  force,  and  so  drives  them 
into  a more  compact  mass.  If  the  velocity  were  sufficient 
the  particles  would  strike  with  sufficient  force  to  adhere  as 
solid  ice,  and  this  appears  to  be  the  case  when  the  stones 
become  large,  as  large^as  a walnut,  for  instance. 

An  idea  of  the  effect  of  the  suspended  particles  on  being 
overtaken  by  the  stone,  may  be  formed  from  the  action  of 
the  particles  of  sand  in  Mr.  Tilghman’s  sand-blast,  used  for 
cutting  glass.  The  two  cases  are  essentially  the  same,  the 
only  difference  being  that  the  hailstone  is  moving  through 
the  air,  whereas  in  the  case  of  the  sand-blast,  the  object 
which  corresponds  to  the  stone  is  fixed,  and  the  sand  is 
blown  against  it. 

By  this  sand-blast  the.  finest  particles  of  sand  are  made  to 
indent  the  hardest  material,  such  as  quartz  or  hard-steel;  so 
that  the  actual  intensity  of  the  pressure  between  the  surface  of 
the  particles  of  sand  and  that  of  the  object  they  strike,  must 
be  enormous.  And  yet  the  velocity  of  the  blast  is  not  so  much 
greater  than  that  at  which  a good-sized  hailstone  descends. 
It  is  easy  to  conceive,  therefore,  that  the  force  of  the  impact 
of  the  suspended  particles  of  ice,  if  not  much  below  the 
temperature  of  freezing,  on  a large  hailstone,  would  drive 
them  together  so  as  to  form  solid  ice.  For  the  effect  of 
squeezing  two  particles  of  ice  together  is  to  cause  them  to 
thaw  at  the  surface  of  contact,  and  as  soon  as  the  pressure 
is  relieved  they  freeze  again,  and  hence  their  adhesion. 

Nor  does  there  appear  to  be  any  other  way  in  which  these 
ordinary  hailstones  can  be  formed.  They  are  clearly  not 
rain- drops  frozen,  or  they  would  be  somewhat  transparent; 
neither  are  they  aggregations  of  snow  crystals.  Nor  can 
they  be  formed  by  the  condensation  and  refrigeration  of 
vapour  on  a nucleus  of  ice.  For  there  is  no  way  of  get- 
ting rid  of  the  heat  which  must  be  developed  by  such  a 
process.  The  heat  developed  by  the  condensation  of  vapour 
one-seventh  of  the  weight  of  the  stone,  would  be  sufficient 
to  thaw  the  entire  stone. 
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The  hailstones  are  clearly  aggregations  of  small  frozen 
particles  such  as  those  which  form  a cloud.  Nor  is  it 
possible  that  they  can  have  been  drawn  together  by  some 
electrical  attraction;  for  whatever  such  attraction,  we  can 
conceive  it  will  not  explain  the  conical  shape  of  the  stones 
or  their  increase  in  density  towards  their  thicker  sides, 
These  clearly  show  that  the  particles  have  aggregated  from 
one  direction,  and  with  an  increasing  force  as  the  size  of  the 
stone  has  increased. 

It  appears  as  though  it  might  be  possible  to  make  arti- 
ficial hailstones.  If  a stream  of  frozen  fog  were  driven 
against  any  small  object,  then  the  frozen  particles  should 
accumulate  on  the  object  in  a mass  resembling  a hailstone. 
Not  seeing  my  way  to  obtain  such  a stream  of  frozen  fog, 
I thought  it  might  be  worth  while  to  try  the  effect  of 
blowing  very  finely-powdered  plaster  of  Paris.  I therefore 
introduced  a stream  of  this  material  into  a jet  of  steam, 
issuing  freely  into  the  air ; (which  I hoped  would  moisten 
the  powdered  plaster  sufilciently  to  cause  it  to  set  firmly 
into  whatever  form  it  collected.)  The  jet  was  directed 
against  a splinter  of  wood. 

In  this  way  I obtained  masses  of  plaster  very  closely 
resembling  hailstones.  They  were  all  more  or  less  conical, 
with  their  bases  facing  the  jet.  But  as  might  be  expected, 
the  angles  of  the  cones  were  all  smaller  than  those  of  the 
hailstones.  Two  of  these  figures  are  shown  in  the  sketches 
annexed : 
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PERFECT  HAILSTONE.  BROKEN  HAILSTONE. 
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The  striae  were  strongly  marked,  and  exactly  resembled 
those  of  the  hailstone.  The  bases  also  were  rounded. 
They  were  somewhat  steeper  than  those  of  the  hailstone ; 
but  this  was  clearly  due  to  the  want  of  sufficient 
cohesive  power  on  the  part  of  the  plaster.  It  was  not  suf- 
ficiently wet.  Owing  to  this  cause  also  it  was  not  possible 
to  preserve  the  lumps  when  they  were  formed,  as  the  least 
shake  caused  them  to  tumble  in  pieces. 

I also  tried  a jet  of  the  vapour  of  naphthaline,  which  at 
ordinary  temperatures  is  solid,  driven  by  means  of  a cross  blast 
of  air  against  a small  object,  and  in  this  way  I obtained  masses 
closely  resembling  hailstones,  but  these  also  were  too  fragile 
to  bear  moving.  At  ordinary  temperatures  the  powdered 
naphthaline  does  not  adhere  like  ice  when  pressed  into  a 
lump.  No  doubt  at  very  low  temperatures  ice  would  behave 
in  the  same  way — that  is  to  say,  the  particles  would  not 
adhere  from  the  force  of  impact.  Hence  it  would  seem 
probable  that  for  hailstones  to  be  formed  the  temperature  of 
the  cloud  must  not  be  much  below  freezing  point. 

That  the  effect  of  the  temperature  of  the  cloud  exercises 
great  influence  on  the  character  of  the  hailstones  cannot  be 
doubted.  And  if,  as  has  been  suggested  by  M.  L.  Dufour,  the 
particles  will  sometimes  remain  fluid,  even  when  the  tempera- 
ture is  as  low  as  0°  F.,  it  is  clear  that  as  they  are  swept  up  by 
a falling  stone,  they  may  freeze  into  homogeneous  ice  either 
in  a laminated  or  crystalline  form.  Upon  these  questions, 
however,  I do  not  wish  to  enter,  as  they  have  no  bearing  on 
the  question  as  to  the  manner  in  which  the  mass  of  the 
stone  is  accumulated ; and  I only  mention  them  to  show 
that  if  there  are  unexplained  peculiarities  there  are  also 
causes  the  effects  of  which  have  not  as  yet  been  fully 
considered. 

This  view  of  the  manner  in  which  hailstones  are  formed 
at  once  suggests  that  raindrops  may  be  formed  in  the  same 
way ; nor  does  there  appear,  on  further  consideration,  to  be 
any  reason  to  suppose  that  such  is  not  the  case. 
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Of  course  a raindrop  shows  none  of  the  structural  peculi- 
arities of  the  hailstone,  and  consequently  we  have  not  the 
same  evidence  of  the  manner  in  which  raindrops  are  formed. 
But  the  explanation  is  sufficient,  and  there  is  apparently  no 
other. 

Kaindrops  cannot  possibly  have  grown  to  the  size  with 
which  they  reach  the  earth  by  the  condensation  of  the 
vapour  of  the  air  which  they  pass  through,  for  the  same 
simple  reason  as  that  just  stated  for  hailstones,  namely,  that 
there  is  no  way  in  which  the  heat  developed  by  condensa- 
tion can  be  got  rid  of.  The  fact  that  the  upper  regions  of  the 
air  from  which  the  drops  start  are  colder  than  those  through 
which  they  descend,  might,  as  has  been  supposed,  cause  the 
drop  to  grow  by  condensing  vapour  in  the  air  through 
which  it  passes,  but  only  to  a very  small  extent,  and  one  the 
limit  of  which  may  be  easily  estimated. 

Suppose  the  drop  to  start  having  a weight  Wj_  and  a tempera^ 
ture  and  on  reaching  the  earth  to  have  a temperature 
Then  the  increase  in  the  quantity  of  heat  in  the  drop  would 
be  (4 — nearly.  This  heat  would  be  developed  by  the 
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condensation  of  a weight  of  water  (^2~~^i)|qqq  nearly,  so  that 

even  supposing  — i^i=:100°  F.,  which  it  could  not  possibly 
be,  the  increase  in  the  weight  of  the  drop  could  not  be  one 
tenth. 

It  is  obvious  also  that  the  drop  would  not  have  parted 
with  its  heat  to  the  air  it  passes  through,  for  it  is 
assumed  to  be  colder  than  this  air.  Therefore  the  only  way 
in  which  it  could  have  parted  with  its  heat  would  have 
been  by  radiation.  Some  heat  might  be  lost  in  this  way 
but  only  a very  small  amount,  and  one  of  which  an  approxi- 
mate estimate  may  be  made.  For  after  the  drop  had 
acquired  a considerable  size,  say  one  hundredth  of  a foot  in 
diameter,  the  time  occupied  in  its  descent  would  be  very 
small.  Assume  this  to  be  one  minute,  and  during  this  time 
assume  that  the  drop  is  100  degrees  hotter  than  the  sur- 
rounding objects,  although  this  is  of  course  far  beyond  wliat 
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could  possibly  be.  According  to  the  most  accurate  data 
the  amount  of  heat  it  would  then  lose  would  not  be  suffi- 
cient to  condense  one  hundredth  of  a grain  of  water^  an 
altogether  unappreciable  amount  when  compared  with  the 
weight  of  the  drop,  which  would  be  nearly  the  quarter  of 
a grain. 

It  appears  clear,  therefore,  that  the  only  way  in  which  a 
falling  drop  can  grow  is  by  the  aggregation  to  itself  of  the 
particles  of  moisture  in  the  air,  and  the  only  way  in  which 
it  can  encounter  these  is  by  its  downward  motion  through 
this  air. 

Such  a means  of  growth  is  amply  sufficient  to  account  for 
the  size  of  rain  drops  or  of  hailstones. 

If  we  suppose  all  the  vapour  which  a body  of  saturated 
air  at  60°  F.  would  contain  over  and  above  what  it  would 
contain  at  82°  to  be  changed  into  a fog  or  cloud ; then  if  a 
particle,  after  commencing  to  descend,  aggregated  to  itself 
all  the  water  suspended  in  the  volume  of  air  through  which 
it  swept,  the  diameter  of  the  drop  after  passing  through  2000 
feet  would  be  more  than  an  eighth  of  an  inch,  and  after 
passing  through  4000  feet  a quarter  of  an  inch,  and  so  on.  So 
that  in  passing  through  8000  feet  of  such  cloud  it  would 
acquire  a diameter  of  half  an  inch.  Now,  as  clouds  must 
often  contain  more  water  than  what  is  here  supposed,  there 
is  no  difficulty  in  explaining  the  size  of  drops.  The  diffi^ 
culty  is  rather  the  other  way  in  explaining  why  the  drops 
are  not  sometimes  larger  than  they  are. 

There  are,  however,  two  reasons  why  rain  drops  do  not 
acquire  the  full  size  which  might  be  expected  on  the  above 
assumptions. 

In  the  first  place,  the  drop  will  not  aggregate  to  itself  all 
the  particles  in  front  of  it.  Some  of  these  will  be  swept 
away  sideways  by  the  diverging  current  of  air;  and  the 
smaller  the  particles  are,  the  more  will  this  be  the  case. 
This  is,  of  course^  true  for  hail  as  well  as  for  rain 

The  second  reason  applies  only  to  rain,  and  explains  why 
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it  is  that  hailstones  sometimes  acquire  magnitudes  never 
approached  by  rain  drops. 

A drop  retains  its  form  simply  by  the  surface  tension  of 
the  'water,  and  as  this  is  the  same  whatever  may  be  the  size 
of  the  drop,  its  power  to  hold  the  drop  together  diminishes 
as  the  size  of  the  drop  increases,  whereas  the  velocity  and 
consequent  tendency  of  the  air  to  disturb  the  shape  of  the 
drop  increase  with  its  size.  Hence  it  must  eventually  arrive 
at  such  a size  that  it  can  no  longer  hold  together,  but  will 
be  blown  to  pieces  by  the  rush  of  air  past  it.  This  action 
may  be  seen  in  a waterfall  or  a fountain,  where,  in  passing 
through  the  air,  a solid  column  of  water  is  separated  into 
drops  not  larger  than  large  raindrops. 

The  same  reasoning  does  not  hold  for  hailstones^  which 
are  held  together  by  the  adhesion  of  the  particles  through- 
out their  entire  mass,  and  whose  compactness  and  strength 
increases  with  their  size.  It  is,  however,  the  case  that  the 
smaller  end  of  the  stone,  where  the  texture  is  looser,  appears 
to  be  blown  off  in  its  subsequent  descent,  especially  when 
the  stones  acquire  a large  size. 

It  seems,  therefore,  that,  so  far  as  the  growth  of  a drop  or  a 
stone  is  concerned,  the  particles  it  overtakes  in  its  downward 
path  are  a necessary  and  sufficient  cause ; but  the  origin  of 
the  drops  and  stones  requires  further  explanation.  Why 
should  some  of  the  particles  in  a cloud  be  larger  than  the 
others,  as  it  is  necessary  for  them  to  be  in  order  that  they 
may  commence  a more  rapid  descent  ? 

A cloud  does  not  always  rain ; and  hence  it  would  seem 
that  in  their  normal  condition  the  particles  of  a cloud  are  all 
of  the  same  size  and  have  no  internal  motion,  and  that  the 
variation  of  size  is  due  to  some  irregularity  or  disturbance 
in  the  cloud. 

Such  irregularity  would  result  when  a cloud  is  cooling  by 
radiation  from  its  upper  surface.  The  particles  on  the  top 
of  the  cloud  being  more  exposed  would  radiate  faster  than 
those  below  them,  and  hence  they  Would  condense  more 
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vapour  and  grow  more  rapidly  in  size.  They  would  therefore 
descend  and  leave  other  particles  to  form  the  top  of  the 
cloud.  In  this  way  we  should  have  in  embryo  a continuous 
succession  of  drops. 

Eddies  in  the  cloud  also  form  another  possible  cause  of 
the  origin  of  drops  and  stones.  Whenever  the  direction  of 
motion  of  a portion  of  the  cloud  is  not  straight  the  suspended 
particles  will  have  more  or  less  motion  through  the  air.  And 
if,  as  in  an  eddy,  the  motion  of  the  cloud  varies  from  point  to 
point  both  in  direction  and  magnitude,  then  the  motion  of 
the  particles  through  the  air  will  also  vary,  and  they  may 
overtake  one  another,  and  combining  form  larger  particles  or 
drops  in  embryo. 


Whatever  may  be  the  cause  of  the 
variation  in  the  size  of  the  particles 
which  form  the  cloud,  we  may  know 
from  observations  on  fogs  that  such 
variations  do  exist.  In  fogs  we  have 
particles  of  all  sizes,  from  those  which 
are  too  fine  to  be  seen  even  by  the  aid 
of  a microscope,  and  which  will  remain 
suspended  for  hours  without  any  ap* 
preciable  descent  up  to  such  a size  that 
they  can  be  easily  detected  with  the 
naked  eye,  and  descend  with  a very 
appreciable  velocity  so  as  to  form  a 
drizzle.  When  a coarse  mist,  such  as 
this  is  superimposed  over  a fine  mist> 
then  rain  must  ensue  if  the  particles 
are  water,  and  hail  if  they  are  ice. 


IMITATIONS  IN  PLASTER  OF  PARIS. 
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Although;  as  has  beeu  shown,  a raindrop  cannot  add 
considerably  to  its  volume  by  condensing  the  vapour  from 
the  air  through  which  it  passes ; the  reverse  of  this  is  not 
the  case.  The  raindrop  may  be  diminished  by  evaporation. 
Whenever  a raindrop  falls  through  dry  air,  that  is,  air  of 
which  the  dew  point  is  below  tlie  temperature,  evaporation 
might,  and  would,  go  on  to  almost  any  extent,  and  the  size 
of  the  drops  be  diminished  until  they  entirely  vanished. 
The  heat  for  evaporation  being  supplied  from  the  air,  which 
would  be  warmer  than  the  drop. 

The  case  of  snow  differs  from  that  of  hail.  The  snow 
crystals  are  clearly  formed  by  the  condensation  of  vapour, 
and  not  by  the  mere  aggregation  of  particles  of  ice.  In  this 
case  the  latent  heat  developed  in  condensation  is  probably 
dissipated  by  radiation,  the  shape  and  smallness  of  the 
crystals  causing  them  to  descend  very  slowly,  and  so 
affording  time  for  the  radiation  to  produce  an  effect. 

But  even  in  snow  we  see  the  effect  of  aggregation.  The 
individual  crystals  never  acquire  a large  size.  But  in  their 
descent—  the  larger  ones  overtaking  the  smaller — they  form 
into  flakes.  In  this  case  the  aggregation  may  be  seen 
taking  place.  If  when  large  flakes  of  snow  are  falling  fast 
without  wind  the  eye  be  fixed  on  a large  flake  as  high 
as  it  can  at  first  be  perceived,  and  follow  this  flake  in  its 
subsequent  descent,  it  may  sometimes  be  seen  to  overtake 
another  flake  and  combine  with  it,  the  two  descending 
together. 
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MICEOSCOPICAL  AND  NATUEAL  HISTOEY  SECTION. 

October  9tli,  187G. 

Professor  W.  Boyd  Dawkins,  F.B.S,,  President  of  the 

Section,  in  the  Chair. 

Mr.  Peecival  exhibited  specimens  of  Campi/lopus  para- 
doxus (Wilson),  a very  rare  moss,  from  a new  locality,  at 
foot  of  Cader  Idris,  North  Wales,  where  he  gathered  the 
plant  on  October  5th.  The  specimens  were  barren;  as  are 
those  from  the  two  other  known  British  localities. 

The  Peesident  then  read  an  address,  in  which,  after 
some  introductory  remarks,  he  said,  to-night  I can  only 
bring  before  you  a few  of  the  more  notable  points  v/hich 
have  occurred  to  me  in  the  course  of  my  reading  amongst 
the  scientific  literature  of  the  year,  in  scientific  research,  in 
the  study  of  the  Ancient  History  of  Life  upon  the  earth, 
and  some  general  considerations  which  seem  to  me  oppor- 
tune under  the  circumstances  of  the  time. 

1.  The  Deep  Sea  Dredgings. 

Two  most  important  additions  have  been  made  to  our 
knowledge  of  recent  zoology,  by  the  publication  of  Wallace’s 
Geographical  Distribution  of  Animals  [2  vols.  8vo.,  1876.]; 
and  of  the  Reports  of  “The  Challenger,”  in  the  proceedings 
of  the  Royal  Society.  To  the  former  of  these  it  is  neces- 
sary merely  to  allude,  for  it  is  in  everyone’s  hand.  The 
latter  is  peculiarly  valuable,  because  it  proves  the  existence 
in  the  deep  sea  fauna  of  many  forms  which  occur  fossil  in 
our  European  rocks.  According  to  Mr.  Moseley,  out  of 
forty-tWo  true  corals  brought  up  in  the  dredge,  no  less  than 


twenty  genera  occur  in  the  fossil  state,  two  extending  as  far 
back  as  the  Jurassic  strata,  and  eight  being  Mesozoic  [Proceed^ 
R.S.,  Feb.  26,  1876.  xxiv.  No.  170,  p.  566]. 

From  Mr.  Murray’s  Report  [op.  cii,  p.  471]  we  gather  most 
valuable  data  for  the  geologist.  The  depths  of  the  sea  are 
covered  with  the  following  deposits,  which  have  been 
formed  out  of  the  reach  of  the  land. 

1.  Glohigerina  ooze. 

2.  Radiolarian  ooze. 

3.  Diatomaceous  ooze. 

4.  The  Red  and  Grey  Clays. 

The  first  of  these  deep  sea  deposits  is  represented  on  the 
land  by  the  chalk;  the  second  and  third  by  the  siliceous  and 
chertsy  accumulations  in  many  calcareous  strata,  such  for 
example  as  the  mountain  limestone  of  Derbyshire ; while 
the  last  throws  light  on  the  mode  in  which  some  of  the 
red,  purple,  and  grey  clays  and  slates  have  been  probably 
formed,  such  as  the  Cambrian  and  in  part  lower  Silurian 
strata,  which  are  viewed  by  Prof  Ramsay  as  having  been 
formed  in  land-locked  seas,  or  even  freshwater  lakes,  [Quart. 
Journal  Geol.  Soc.  Lond.,  xxvii.  pp.  250  and  253.]  In  a 
word,  the  results  of  the  Challenger  expedition  in  my  belief 
will  be  if  possible  of  greater  value  to  the  geologist  and 
palaeontologist  than  to  the  student  of  zoology. 

2.  Professor  Huxley  on  Geratodus. 

Among  the  more  important  special  contributions  to 
recent  zoology  is  the  first  instalment  of  an  essay  on  Cera- 
todus  Forsteri,  the  extraordinary  'baramunda’  of  Queensland, 
by  Professor  Huxley  [Proceed.  Zool.  Soc.  1876,  4 January], 
in  which  he  takes  up  the  investigation  where  it  had  been 
dropped  by  Dr.  Gunther  in  1871  [Phil.  Trans.  1871,  Part  ii]. 
From  the  study  of  the  brain,  skull,  and  limbs,  he  concludes 
that  it  occupies  a curiously  central  position  among  the 
Ichthyopsida,  being  allied  on  one  side  to  the  Amphibia,  on 
another  to  the  Chimseroid  fishes  and  the  sharks,  and  on  yet 
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anotlier  to  the  Ganoids.  The  genus  is  now  an  inhabitant  of 
the  rivers  of  Queensland,  where  it  also  occurs  fossil.*  In 
Europe  it  is  met  with  in  the  RhEetic  series  in  the  lower 
Mesozoic  rocks,  while  in  both  Europe  and  America  it  is 
represented  by  the  well-known  Ctenodus  of  the  Carboni- 
ferous period,  as  for  example  in  the  Ardwick  Limestone. 
It  is  interesting  to  note  that  a genus  in  which  so  many 
characters  now  scattered  through  different  orders  are  united 
should  be  of  such  high  geological  antiquity.  It  may  fairly 
be  viewed  as  an  ancestral  form  of  Mesozoic  age  which  has 
found  refuge  in  the  fresh  waters  of  Australia,  while  it  has 
been  banished  from  other  parts  of  the  world,  and  it  now 
forms  part  of  a fauna  in  which  the  Mesozoic  trigonia,  and 
the  whole  tribe  of  Cestraceont  sharks  are  also  represented  by 
living  types. 

3.  Professor  Oiven  on  a Neiu  Order  of  Reptiles, 

I turn  now  to  Palaeontology.  New  discoveries  of  singu- 
lar interest  of  intermediate  reptilian  and  avian  forms  have 
been  made  both  in  the  old  and  new  worlds.  The  fossil 
remains  of  the  Karoo  lacustrine  or  brackish  water  rocks  of 
South  Africa,  described  by  Professor  Owen  in  February  last 
[Quart.  Journ.  GeoL  Soc.,  Lond.,  126,  95],  reveal  the  evi- 
dence of  fossil  reptiles  of  lower  Mesozoic,  or  perhaps  Permian 
age,  which  constitute  a new  order  of  ‘Theriodontia,’  the 
teeth  being  of  the  type  of  carnivorous  mammals,  and  the 
incisors  being  defined  by  position,  and  divided  from  the 
^molars’  by  a large  laniariform  canine  in  upper  and  lower 
jaws.  The  humerus,  also,  has  a foramen  on  the  inner  side 
of  the  condyle  unknown  in  any  of  the  living  reptilia,  but 
appearing  in  certain  of  the  mammalia. 

“In  one  (writes  Professor  Owen,  p.  100),  of  the  species  of 
Saurians,  with  what  is  now  the  mammalian  type  of  humerus 
and  of  dentition,  evidence,  for  which  I am  indebted  to  the 

* Mr.  Eamsay  called  my  attention  to  a fossil  palatal  tooth  of  Ceratodus 
in  the  Australian  Museum,  Sydney,  in  1875, 


ot 

Governor  of  the  Cape  of  Good  Hope,  Sir  Henry  Barkley, 
K.C.B.,  has  reached  me  of  the  bony  structure  of  the  fore- 
paw, which  again  shows  an  advance  towards  the  mamma- 
lian type.  The  pollex  has  two  phalanges ; the  four  other 
digits  have  each  three  phalanges.  The  slight  difference  in 
length  in  these  fingers  is  due,  as  in  a dog’s  paw,  to  difference 
of  length  in  such  phalanges,  not  to  difference  of  number 
of  these,  not  to  excess  in  the  third  and  fourth  digits  beyond 
the  number  three,  which  number  rules  in  the  fingers  of  all 
terrestrial  mammals. 

“Reverting  to  the  chief  character  of  the  Theriodont  rep- 
tiles, a fact  of  some  significance  may  be  noted,  viz.,  that  the 
incisive  formula  of  some  of  the  species  is  repeated  in  the 
low  marsupial  order  of  mammals. 

Didelphis,  e.g.,  has  as  in  Cynodraco;'^  Thylacinus 
and  Sarcophilus  have  i.^,  as  in  Cynochampsa.* 

In  no  pacental  carnivore  do  the  incisors  exceed  |e|. 

Thus  in  South  Africa  there  lived  in  lower  Mesozoic  or 
Permian  times  a group  of  fossil  reptiles  possessed  of  characters 
now  exclusively  mammalian.  In  a subsequent  communica- 
tion [opat.  xxxii,  p.  352],  Professor  Owen  establishes 
further  that  they  lived  also  in  the  Permian  (?)  age  in  the 
region  of  the  Urals.  He  also  believed  that  they  occur  in 
the  Permian  rocks  of  Prince  Edward’s  Island ; but  the 
specimens  on  which  that  conclusion  is  based  seems  to  me 
open  to  another  interpretation. 

4.  Prof.  Marsh  on  a New  Order  of  Birds. 

The  labours  of  Professor  Marsh  of  Yale,  whose  enterprise 
has  revealed  a whole  mammalian  fauna  in  the  Tertiaries 
of  the  Far  West,  on  the  birds  of  the  Cretaceous  rocks  of 
the  region  of  the  Rocky  Mountains  and  of  the  Atlantic  coast 
[American  Journal  of  Science  aud  Art,  x.  Nov.  1875]  have 
added  to  our  knowledge  a new  group  of  Birds  constituting 


* Two  new  fossil  reptilian  genera. 
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tlie  order  Odontornithes,  or  birds  with  well  defined  teeth 
in  their  upper  and  lower  jaws.  One  genus  is  a large  carni- 
vorous diver  with  simple  conical  teeth  imbedded  in  a groove 
in  the  dentary  bone  as  in  some  reptiles.  Each  tooth  pos- 
sesses a crown  covered  with  enamel  and  a stout  conical 
fang.  The  sternum  is  without  a keel,  and  the  vertebrae  are 
of  the  usual  avian  type.  It  was  among  the  largest  of 
aquatic  birds,  being  from  five  to  six  feet  from  bill  to  feet. 

The  other  genus  is  Ichthyornis,  a creature  about  the  size 
of  a pigeon,  possessed  of  a series  of  ‘simple  conical  teeth  im- 
planted in  well  defined  sockets  in  upper  and  lower  jaws,  of 
a keeled  sternum,  and  of  biconcave  vertebrae.  It  w'as  of 
aquatic  habit,  and  capable  of  prolonged  flight.  The  combi- 
nation of  a series  of  conical  teeth  with  a keeUess  sternum  in 
the  former  and  with  biconcave  vertebrae  in  the  latter  points 
distinctly  in  the  direction  of  the  Keptilia,  which  stand 
next  to  the  Aves  in  classification  [Sauropsida]. 

5.  These  Intermediate  Forms  may  he  accounted  for  on 
the  Theory  of  Evolution. 

Before  these  discoveries  were  made  the  existence  of  inter- 
mediate forms  between  the  Aves  and  Keptilia  had  been  fully 
recognised.  The  Deinosauria,  the  gigantic  Iguanodon, 
Megalosaurus  and  their  allies,  in  the  structure  of  their  pelves, 
their  sacra,  and  their  hind  limbs,  were  unlike  any  living 
reptiles,  and  allied  to  the  birds.  On  the  other  hand  the 
Archaeopteryx  from  the  Solenhofen  slate,  a deposit  of  middle 
oolitic  age,  presents  us  S^ith  a bird  possessing  a long  tail  com- 
posed of  separate  vertebrae  and  metacarpals  free  and  disunited, 
characters  which  are  now  reptilian  and  not  avian.  Thus  we 
had  proof  of  the  existence  of  Mesozoic  reptiles  reaching  for- 
ward, so  to  speak,  in  the  direction  of  living  birds,  and  fossil 
birds  pointing  in  the  direction  of  the  reptilia.  In  addition  to 
this,  we  now  know  that  certain  of  the  Mesozoic  reptiles  pos- 
sessed characters  peculiar  to  the  living  mammalia.  Why 
should  this  be  ? Why  were  the  Mesozoic  reptilia  more  richly 
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endowed  than  the  living,  and  why  should  the  Mesozoic 
birds  possess  reptilian  structures  ? The  idea  v/hich  I have 
formed  for  myself  on  this  point  is  that  the  high  organi- 
sation of  the  reptilia  quoted  above  has  been  inherited  by 
the  Aves  and  Mammals,  and  that  the  present  less  richly 
endowed  reptiles  are  to  be  looked  upon  as  younger  sons 
cut  off  from  the  estates  of  their  ancestors  by  a natural  law 
of  entail.  That  the  aves  and  mammalia  have  actually  been 
derived  from  a reptilian  stock  seems  to  me  to  be  probable 
from  the  changes  which  the  embryos  undergo. 

The  question  so  often  triumphantly  asked  by  the  adver- 
saries of  the  doctrine  of  evolution,  how  is  this  or  that  change 
from  one  form  into  another  produced,  seems  to  me  to  be 
altogether  idle.  We  know  very  little  of  the  how  or  the 
why  of  any  natural  process.  It  is  a fact  that  a grain  of 
wheat  will  produce  a blade,  and  ultimately  repeat  itself 
many  times  over;  although  we  cannot  tell  what  are  the 
precise  forces  which  regulate  its  form  and  development.  It 
is  sufficient  for  me  to  know  that  these  changes  actually 
take  place,  without  knowing  hovr  they  have  been  produced. 
They  are  altogether  unintelligible  to  me  without  a belief  in 
evolution,  of  which  the  very  least  that  can  be  said  is  that 
it  is  a good  working  hypothesis,  which  is  held  consciously 
or  unconsciously  by  most  of  the  leading  naturalists  of  the 
day. 


6.  The  Antiquity  of  Man. 

The  exploration  of  the  late  Tertiary  deposits,  and  more 
particularly  of  the  ossiferous  caverns,  has  made  impor- 
tant additions  to  our  knowledge  of  Man,  in  Europe,  during 
the  last  two  years.  The  incised  figures  of  rein-deer  and 
horses  found  in  the  cave  of  Kesslerloch  [Excavation  at  the 
Kessleiioch,  by  Conrad  Merk,  translated  by  Lee,  3876] 
proves  that  palaeolithic  tribes,  allied  probably  to  the 
Eskimos  formerly,  lived  in  Switzerland  along  with  the 
extinct  mammalia,  wffiile  the  discoveries  at  Cresswell, 
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on  the  borders  of  Derbyshire  and  Nottinghamshire, 
show  that  they  inhabited  the  caves  to  the  east  of  the 
Pennine  Chain,  in  the  Pleistocene  age  [Quart.  Journ. 
Geol.  Soc.,  Lond.,  xxxii.,  pp.  245 — 259].  So  that  now  we 
have  proof  that  the  palaeolithic  man  of  the  caves  wandered 
from  the  Pyrennees  and  Alps  as  far  north  as  Derbyshire 
and  Belgium,  and  from  the  Atlantic  coast  as  far  to  the  east 
as  Schussenreid,  in  Wllrtemburg.  In  the  upper  pleistocene 
stratum,  at  Cresswell,  we  have  also  decided  traces  of  the 
presence  of  a higher  type  of  hunter  than  in  the  lower  one, 
so  that  man,  even  in  the  palaeolithic  age,  was  a creature  of 
progress.  The  evidence  as  to  their  relation  to  the  Glacial 
Period  in  every  case  whicli  I have  investigated,  is  unsatisfac- 
tory. In  the  celebrated  Victoria  Cave,  in  which  the  glacial 
age  of  the  clay  covering  up  the  stratum  with  the  re- 
mains of  pleistocene  animals  and  the  fibula  determined 
by  Professor  Busk  to  be  human,  seems  as  doubtful  to  me  as 
to  Professor  Hughes,  who  has  carefully  examined  the  evi- 
dence on  the  spot.  It  is  however  considered  glacial  by  Mr. 
Tiddeman,  and  is  quoted  by  Mr.  James  Geikie  as  proof  of 
the  interglacial  age  of  palaeolithic  man  in  this  country.  It 
is  extremely  difficult  to  bring  the  complicated  phenomena 
of  the  glacial  deposits  into  relation  with  the  ossiferous 
deposits  in  caves  and  river-valleys,  which  are  equally 
complicated,  and  their  point  of  contact  ofiers  a large  field 
for  speculation.  Fixing  my  eyes  upon  the  pleistocene  fauna 
only,  I find  that  that  portion  of  it  to  which  man  belongs — 
the  arctic  division — arrived  in  Britain  before  the  deposit  of 
the  boulder  clays,  and  lived  here  afterwards,  and  that  there- 
fore there  are  a-priori  grounds  for  supposing  that  man  was 
also  here  in  the  preglacial  age;  but  actual  proof  on  the 
point  seems  to  me  to  be  wanting  unless  it  be  offered  by  the 
fluviable  gravels  with  palaeolithic  implements  of  Brandon, 
which  according  to  Mr.  Skertchley  [Nature  xiv.  448] 
are  older  than  the  upper  boulder  clay  of  East  Anglia,  con- 
sidered by  Mr.  Tiddeman  [Nature  xiv.  505]  to  be  the 
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equivalent  of  the  lower  boulder  clay  of  Lancashire.  This 
discovery,  however,  needs  verification. 

7.  The  Position  of  Museums  in  Britain. 

I come  now  to  a subject  which  to  my  mind  touches  the 
interests  of  this  Society,  because  it  stands  in  close  relation  to 
the  advancement  of  the  study  of  the  history  of  the  earth 
and  of  its  inhabitants  in  Manchester  — the  subject  of 
Museums.  It  seems  to  me  that  it  is  necessary  for  the 
student  of  nature  in  the  highest  and  widest  sense  to  have 
access  to  well  arranged  collections  of  objects  which  stand  to 
them  in  the  same  position  as  books  to  the  ordinary  student, 
and  to  have  in  addition  laboratories,  which  are  the  equiva- 
lents of  reading  rooms.  Without  these  their  labours  may  be 
unpractical  and  sporadic.  There  ought  also  to  be  a teaching 
staff  to  give  system  and  direction  to  what  otherwise  would 
be  unfruitful  efforts.  This  ideal  is  only  carried  out  in  a few 
places  in  this  country,  among  which  I would  mention  more 
particularly  the  Museums  at  Oxford  and  Cambridge.  From 
my  experience  of  those  abroad,  I turn  from  those  of  our  own 
country  with  feelings  of  envy  and  regret.  Here  a museum 
is  frequently  a large  sort  of  advertising  bazaar,  or  a recep- 
tacle for  miscellaneous  curiosities  unfitted  for  a private 
house,  or  it  is  composed  of  an  accumulation  of  objects  valu- 
able in  themselves,  but  valueless  for  all  practical  purposes, 
because  they  are  crowded  together,  or  stowed  away  for  want 
of  room.  They  are  generally  under-manned,  starved  for 
want  of  funds,  largely  dependent  on  casual  benevolence,  or 
a burden  on  the  scant  resources  of  the  various  societies.  On 
the  Continent,  in  America,  and  in  Australia,  they  are  as  a 
rule  well  officered,  well  arranged  and  not  dependent  on 
private  resources  for  their  sustenance.  That  our  museums 
should  be  allowed  to  be  such  a striking  contrast  to  those  of 
our  neighbours  and  kinsmen  is  a most  singular  oversight  in 
the  richest  and,  as  we  sometimes  fancy  ourselves  to  be,  the 
most  practical  people  in  the  world. 
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With  regard  to  the  arrangement  of  subordinate  parts  in  a 
museum,  that  which  is  now  being  carried  out  in  the  new 
Imperial  Museum,  at  Vienna,  under  D)\  Hochstetter,  seems  to 
me  the  best;  to  form  one  lineal  series,  inorganic  objects 
forming  the  base,  then  Palaeontological  specimens,  illustrating 
the  life  which  has  been,  and  leading  up  to  the  illustrations 
of  the  life  which  is  now  on  the  earth.  Botany,  Zoology, 
Anatomy,  and  the  like.  When  this  is  completed,  the 
Museum  at  Vienna  will  present  a more  perfect  and  com- 
plete history  of  the  knowledge  of  the  earth  and  its  inhabi- 
tants than  has,  as  yet,  been  presented. 

In  the  City  of  Lyons,  which  in  its  commercial  aspects 
resembles  Manchester,  the  collections  are  lodged  in  a 
magnificent  building — the  Palais  des  Beaux  Arts — sup- 
ported by  the  municipality,  and  are  being  largely  increased 
by  the  contributions  of  local  naturalists,  who  have  banded 
themselves  together  for  that  purpose,  under  the  title  of 
‘‘Les  Amis  des  Science  Naturelles.”  I hope  to  live  to  see 
the  day  when  a plan  similar  to  that  of  the  Museum  in 
Vienna  will  be  carried  out  in  Manchester,  and  when  our 
Museum  will  be  a centre  around  which  our  naturalists  will 
rally,  as  at  Lyons. 

8.  A Museum  necessary  in  Manchester. 

It  is  certainly  very  strange  that  in  a city  where  various 
branches  of  knowledge  have  been  endowed  by  private  mu- 
nificence for  the  common  weal,  a Museum  should  be  wanting, 
which  ought  to  be  a powerful  agent  in  the  general  education 
of  the  people;  and  not  merely,  as  is  sometimes  the  case,  the 
spoil  and  prey  of  a few  specialists.  Museums  are  rapidly 
becoming  as  indespensible  in  the  advancement  of  culture 
as  libraries,  and  are  so  recognised  in  all  civilised  countries 
except  our  own.  It  is  a poor  consolation  to  know  that  in 
this  particular  we  are  not  worse  off  than  the  majority  of  our 
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countrymen,  although  we  are  worse  off  than  Liverpool,  and 
man}^  other  places  which  I could  mention.  We  ought  to  he 
much  better  off.  I trust  that  in  no  far  distant  future  this 
need  may  be  satisfied  by  the  raising  of  buildings  worthy  of 
the  dignity  of  Manchester,  and  by  the  placing  in  them  of 
our  valuable  collections,  arranged  not  merely  for  the  advan- 
tage of  the  student  but  of  the  general  public. 

9.  Collections  made  by  the  German  Government. 

There  is  one  point  in  which  the  British  Government  may 

learn  a lesson  from  the  German.  When  I was  in  Berlin 
this  autumn  I had  the  pleasure  of  meeting  gentlemen  who 
had  been  sent  by  the  latter  to  make  collections  in  the  Ame- 
ricas, in  India,  and  in  the  China  seas,  and  I saw  a valuable 
collection  made  by  German  cruisers  in  the  Pacific.  Why 
should  not  our  ships  of  war,  which  are  to  be  found  in  every 
sea,  have  orders  also  to  bring  home  collections  from  distant 
stations,  and  why  should  not  we  send  out  travellers  with 
the  same  object  ? With  our  navy  and  our  wandering  in- 
stincts, we  ought  rapidly  to  outstrip  any  rivals,  and  that  at 
a comparatively  small  expenditure  of  money. 

10.  The  Work  of  Scientific  Societies  in  General 

Education. 

In  conclusion  I would  merely  allude  to  the  endowment  of 
original  research,  which  has  been  before  the  notice  of  the  public 
for  the  last  three  years.  In  the  discussion  of  this  most  difiicult 
question  the  influence  of  societies  such  as  our  own  has  been  for 
the  most  part  ignored.  The  endowment,  which,  to  my  mind 
is  the  most  important  for  the  promotion  of  original  research^ 
is  not  the  gift  of  monej’’,  but  that  approbation  of  good  work 
done  by  any  worker,  which  is  afibrded  by  the  learned 
societies.  In  this  particular  they  are  doing  incalculable 
good  in  the  general  work  of  education,  good  which  will  be 
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recognised  by  the  future  writers  of  history,  but  which,  so 
far  as  I know  up  to  the  present  time,  has  only  been  fully 
acknowledged  by  the  able  and  brilliant  historian  of  “ The 
English  People.” 
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Ordinary  Meeting,  November  14th,  1876, 

E.  W.  Binney,  F.E.S.,  F.G.S.,  President,  in  the  Chair, 

The  Peesident  said  that  with  respect  to  the  meteor  de- 
scribed by  him  at  the  meeting  of  the  Society  on  the  17th 
ulto.  he  had  received  a letter  from  Mr.  John  Petrie,  dated 
Broomfield,  Bochdale,  4th  November,  as  follows  Seeing 
an  account  of  the  meteor  observed  by  you  in  Douglas  Bay 
on  the  15th  of  August,  I take  the  liberty  of  saying  that  I 
saw  the  same  meteor  while  crossing  a field  here.  I at  first 
thought  that  it  was  a rocket,  but  the  slow,  steady,  and 
almmst  horizontal  course  it  took  convinced  me  it  was  a 
meteor.  I described  it  to  my  family  on  entering  the  house, 
and  your  description  tallies  with  what  I saw  and  described,” 

The  Peesident  also  said  that  during  the  last  Session  one 
of  the  Vice-Presidents,  Dr.  R Angus  Smith,  F.K.S.,  brought 
before  the  Society  an  interesting  paper  on  the  Eucalyptus 
near  Rome.  About  a year  and  a half  since  he  (the  Presi- 
dent) planted  in  his  garden  at  Douglas  in  the  Isle  of  Man, 
within  fifty  feet  of  the  sea  and  six  feet  above  high  water 
mark,  a small  plant  of  the  Blue  Gum  tree  (Eucalyptus 
globulus).  During  the  last  winter  the  stem  died  down  to 
within  a foot  of  the  ground.  In  the  month  of  April  it 
began  to  grow  vigorously,  and  by  the  5th  of  October  it 
had  reached  the  height  of  8ft.  8in.,  and  between  the  last 
named  date  and  the  8 th  of  November  it  had  attained  to 
8ft.  8in.,  or  a total  length  of  7ft.  Sin.  The  situation  where 
the  tree  grew  was  sheltered  from  the  winds  by  high  walls, 
and  the  soil  was  formed  of  the  debris  of  Manx  schist,  which 
he  believed  contained  a considerable  amount  of  potash,  but 
it  had  received  no  manure. 

Peoceedings—Lit.  & Phil.  Soc.— Vol,  XVI.— No,  4,— Session  1876-7. 


46 


“Notice  of  a passage  in  Clement  of  Alexandria  on  the 
Origin  of  certain  Arts  and  Customs,  and  their  Introduction 
into  Greece,”  by  William  E.  A.  Axon,  M.RS.L.,  &c. 

We  know  so  little  of  the  origjin  of  various  arts  that  a few 
moments  may  not  be  misemployed  in  noticing  a passage  in 
Clement  of  Alexandria  which  has  not,  to  my  knowledge, 
been  referred  to  in  this  connection.  I have  not,  however,  had 
an  opportunity  of  referring  to  Isidore.  Clement,  before  his 
conversion,  had  become  familiar  with  the  learning  and 
philosophy  of  his  age,  and  his  interest  in  Christianity  did 
not  exclude  from  sight  his  former  liberal  studies.  In  the 
Stromata  he  has  an  essay  to  show  the  obligation  of  Greek 
philosophy  to  the  despised  barbarians.  This  he  follows  by 
another  showing  “that  the  inventors  of  other  arts  were 
mostly  barbarians.”  The  passage  is  thus  translated  by  the 
Rev.  William  Wilson,  M.A. : 

“ And  barbarians  were  inventors  not  only  of  philosophy, 
but  almost  of  every  art.  The  Egyptians  were  the  first  to  in- 
troduce astrology  among  men.  Similarly  also  the  Chaldeans. 
The  Egyptians  first  showed  how  to  burn  lamps,  and  divide 
the  year  into  twelve  months,  prohibited  intercourse  with 
women  in  the  temples,  and  enacted  that  no  one  should  enter 
the  temples  from  a woman  without  bathing.  Again,  they 
were  the  inventors  of  geometry.  There  are  some  who  say 
that  the  Carians  invented  prognostication  by  the  stars.  The 
Phrygians  were  the  first  who  attended  to  the  flight  of  birds. 
And  the  Tuscans,  neighbours  of  Italy,  were  adepts  at  the 
art  of  the  Haruspex.  The  Isaurians  and  the  Arabians  in- 
vented augury,  as  the  Telmesians  divination  by  dreams. 
The  Etruscans  invented  the  trumpet,  and  the  Phrygians 
the  flute.  For  Olympus  and  Marsyas  were  Phrygians.  And 
Cadmus,  the  inventor  of  letters  among  the  Greeks,  as 
Euphorus  says,  was  a Phoenician ; whence  also  Plerodotus 
writes  that  they  were  called  Phoenician  letters.  And  they 
say  that  the  Phoenicians  and  the  Syrians  first  invented 
letters ; and  that  Apis,  an  aboriginal  inhabitant  of  Egypt, 
invented  the  healing  art  before  lo  came  into  Egypt.  But 
afterwards  they  say  that  iEsculapius  improved  the  art. 
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Atlas  the  Libyan  was  the  first  who  built  a ship  and  navi- 
gated the  sea.  Kelmis  and  Damnaneus,  Idsean  Dactyli, 
first  discovered  iron  in  Cyprus.  Another  Idsean  discovered 
the  tempering  of  brass;  according  to  Hesiod  a Scythian. 
The  Thracians  first  invented  what  is  called  a scimitar 
(apTTrt),  it  is  a curved  sword,  and  were  the  first  to  use 
shields  on  horseback.  Similarly  also  the  Illyrians  invented 
the  shield  (ttAtj?).  Besides,  they  say  that  the  Tuscans 
invented  the  art  of  moulding  clay;  and  that  Itanus  (he  was 
a Samnite)  first  fashioned  the  oblong  shield  (^peog).  Cad- 
mus the  Phoenician  invented  stonecutting  and  discovered 
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the  goldmines  on  the  Pangsean  mountain.  Further,  an- 
other nation,  the  Ca.ppadocians,  first  invented  the  instrument 
called  the  nabla  and  the  Assyrians  in  the  same  way  the 
dichord.  The  Carthaginians  were  the  first  that  constructed 
a trireme ; and  it  was  built  by  Bosporus,  an  aboriginal. 
Medea,  the  daughter  of  iEetas,  a Colchian,  first  invented  the 
dyeing  of  hair.  Besides,  the  ISToropes  (they  are  a Pseonian 
race  and  are  now  called  the  Norici)  worked  copper,  and 
were  the  first  that  purified  iron.  Amycus  the  king  of 
the  Bebryci  was  the  first  inventor  of  boxing-gloves.  In 
music,  Olympus  the  Mysian  practised  the  Lydian  harmony ; 
and  the  people  called  Troglodytes  invented  the  sambuca,  a 
musical  instrument.  It  is  said  that  the  crooked  pipe  was 
invented  by  Satyrus  the  Phrj^gian ; likewise  also  the 
Diatonic  harmony  by  Hyagnis,  a Phrygian  too;  and  notes 
by  Olympus,  a Phrygian ; as  also  the  Phrygian  harmony, 
and  the  half-Phrygian  and  the  half-Sydian  by  Marsyas,  who 
belonged  to  the  same  region  as  those  mentioned  above.  And 
the  Doric  was  invented  by  Thamyris  the  Thracian.  We 
have  heard  that  the  Persians  were  the  first  wdio  fashioned 
the  chariot,  and  bed  and  footstool,  and  the  Sidonians  the  first 
to  construct  a trireme.  The  Sicilians,  close  to  Italy,  were  the 
first  inventors  of  the  phorminx,  which  is  not  much  inferior 
to  the  lyre.  And  they  invented  castanets.  In  the  time  of 
Semiramis  queen  of  the  Assyrians,  they  relate  that  linen 
garments  were  invented.  And  Hellanicus  says  that  Attosa 
queen  of  the  Persians  was  the  first  who  composed  a letter* 
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These  things  are  reported  by  Scamo  of  Mitylene,  Theophras- 
tus of  Ephesus,  Cydippus  of  Mantinea,  also  Antiphanes, 
Aristodemus,  and  Aristotle,  and  besides  these,  Philoste- 
phanus,  and  also  Strato  the  Peripatetic,  in  his  books  con- 
corning  inventions.  I have  added  a few  details  from  them, 
in  order  to  confirm  the  inventive  and  practically  useful 
genius  of  the  barbarians,  by  whom  the  Greeks'profited  in  their 
studies.  And  if  anyone  objects  to  the  barbarous  language 
Anacharsis  says,  ‘All  the  Greeks  speak  Scythian  to  me.’  It  was 
he  who  was  held  in  admiration  by  the  Greeks  who  said,  ‘My 
covering  is  a cloak;  my  supper,  milk  and  cheese.’  You  see  that 
the  barbarian  philosophy  professes  deeds,  not  words.  The 
apostle  thus  speaks : ‘So  likewise  ye,  except  ye  utter  by 
the  tongue  a word  easy  to  be  understood,  how  shall  ye  know 
what  is  spoken  ? for  ye  shall  speak  into  the  air.  There  are, 
it  may  be,  so  many  kind  of  voices  in  the  world,  and  none  of 
them  is  without  signification.  Therefore  if  I know  not  the 
meaning  of  the  voice,  I shall  be  unto  him  that  speaketh  a 
barbarian,  and  he  that  speaketh  shall  be  a barbarian  unto 
me,’  and  ‘Let  him  that  speaketh  in  an  unknown  tongue 
pray  that  he  may  interpret.’  Nay  more,  it  was  late  before 
the  teaching  and  writing  of  discourses  reached  Greece. 
Alcmseon,  the  son  of  Perithus,  of  Crotona,  first  composed  a 
treatise  on  nature.  And  it  is  related  that  Anaxagoras  of 
Clazomense,  the  son  of  Hegesibulus,  first  published  a book 
in  writing.  The  first  to  adapt  music  to  poetical 
compositions  was  Terpanda  of  Antissa;  and  he  set  the 
laws  of  the  Lacedaemonians  to  music.  Lasus  of  Her- 
mione  invented  the  dithyramb ; Stesichorus  of  Himera, 
the  hymn;  Aleman  the  Spartan,  the  choral  song;  Ana- 
creon of  Teos,  love  songs ; Pindar  the  Theban,  the  dance 
accompanied  with  song.  Timotheus  of  Meletus  was 
the  first  to  execute  those  musical  compositions  called 
vofioL  on  the  lyre,  with  dancing.  Moreover,  the  iambus 
was  invented  by  Archilochus  of  Paros,  and  the  choli- 
ambus  by  Hipponax  of  Ephesus.  Tragedy  owed  its  origin 
to  Thespis  the  Athenian,  and  comedy  to  Susarion  of  Icaria. 
Their  dates  are  handed  down  by  the  grammarians.  But 
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it  were  tedious  to  specify  them  accurately ; presently, 
however,  Dionysus  on  whose  account  the  Dionysian  spec- 
tacles are  celebrated,  will  be  shown  to  be  later  than  Moses. 
They  say  that  Antiphon  of  Rhamnusium,  the  son  of  So- 
philus,  first  invented  scholastic  discourses  and  rhetorical 
figures,  and  was  the  first  who  pled  causes  for  a fee,  and 
wrote  a forensic  speech  for  delivery,  as  Diodorus  says. 
And  Apollodorus  of  Cuma  first  assumed  the  name  of  critic, 
and  was  called  a grammarian.  Some  say  it  was  Eratos- 
thenes of  Cjrene  who  was  first  so  called,  since  he  pub- 
lished two  books  which  he  entitled  Grammatica.  The 
first  who  was  called  a grammarian,  as  we  now  use  the  term, 
was  Praxiphanes,  the  son  of  Disnysophenes  of  Mitylene. 
Zeleucus  the  Locrian  was  reported  to  have  been  the  first  to 
have  framed  laws  (in  writing).  Others  say  it  was  Menos  the 
son  of  Zeus,  in  the  time  of  Lynceus.  He  comes  after 
Danaus,  in  the  eleventh  generation  from  Inachus  and  Moses, 
as  we  shall  show  a little  further  on.  And  Lycurgus,  who 
lived  many  years  after  the  taking  of  Troy,  legislated  for  the 
Lacedaemonians  a hundred  and  fifty  years  before  the  Olym- 
piads. We  have  spoken  before  of  the  age  of  Solon.  Draco 
(he  was  a legislator  too)  is  discovered  to  have  lived  about 
the  three  hundred  and  ninth  Olympiad.  Antilochus,  again, 
who  wrote  of  the  learned  men  from  the  age  of  Pytliagoras 
to  the  death  of  Epicurus,  which  took  place  in  the  tenth  day 
of  the  month  Gamelion,  makes  up  altogether  three  hundred 
and  twelve  years.  Moreover,  some  say  that  Phanothea,  the 
wife  of  Icarius,  invented  the  heroic  hexameter,  others 
Themis,  one  of  the  Titanides.  Didymus,  however,  in  his 
work  On  the  Pythagorean  Philosophy,  relates  that  Theano 
of  Crotona  was  the  first  man  who  cultivated  philosophy  and 
composed  poems.  The  Hellenic  philosophy  then,  according 
to  some,  apprehended  the  truth  accidentally,  dimly,  par- 
tially ; as  others  will  have  it,  was  set  agoing  by  the  devil- 
Several  suppose  that  certain  powers  descending  from  heaven 
inspired  the  whole  of  philosophy.  But  if  the  Hellenic 
philosophy  comprehends  not  the  whole  extent  of  the  truth, 
and  besides  is  destitute  of  strength  to  perform  the  com- 
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mandments  of  the  Lord,  yet  it  prepares  the  way  for  the 
truly  royal  teaching,  and  moulding  the  character,  and  fitting 
him  who  believes  in  Providence  for  the  reception  of  the 
truth.” — Miscellanies,  Book  L,  Chap.  XYI.,  Writings  of 
Clement  of  Alexandria — Ante-Xicene  Christian  Library. 
Edinburgh,  1868. 

To  compare  this  with  the  well  known  passage  in  Pliny 
and  to  annotate  it  in  a satisfactory  manner  would  extend 
this  communication  to  an  unreasonable  extent.  The  task 
is  therefore  left  to  other  opportunities  or  abler  hands. 


MICEOSCOPICAL  AND  NATDEAL  HISTOEY  SECTION. 
November  6th,  1876. 

Chaeles  Bailey,  Esq.,  in  the  Chair. 

^^Wealden  Fossils  from  Columbia,  S.  America,”  by  John 
Plant,  F.G.S. 

The  author  stated  that  in  the  republic  of  Columbia,  in 
the  mountain  ranges  about  Honda  on  the  Upper  Magdalena^ 
having  an  average  altitude  of  about  9,000  feet,  mines  of 
silver  are  worked,  and  emerald  mining  is  carried  on  to  a 
large  extent  in  metamorphic  rocks  of  Palseozoic  age.  Of 
the  existence  of  fossiliferous  rocks  of  Wealden  age  lying 
upon  these  older  rocks  at  such  a high  elevation  as  8,060  or 
9,000  feet  he  has  had  proof  in  a few  fossils  sent  by  his 
friend  Mr.  E.  Williamson  from  Honda,  who  has  been  five 
years  at  the  silver  mines. 

The  first  is  an  Ammonite,  or  the  cast  of  one  in  a black 
slatey  shale,  very  much  like  shale  found  in  the  Silurian 
district  of  N.  Wales.  This  Ammonite  is  3 inches  long, 
strongly  whorled  with  a row  of  tubercles  near  the  outer 
margin.  The  last  whorl  is  very  large  and  carinated.  The 
“facies”  of  the  species  is  decidedly  allied  to  British  Cretaceous 
and  Wealden  Ammonites.  The  second  specimen  would 
readily  be  mistaken  for  a piece  of  the  well  known  water 
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limestone  called  the  Petworth  and  Purbeck  marbles  irom 
Sussex — which  are  of  Wealden  age.  It  is  made  up  of  a 
small  species  of  Paludina,  imbedded  in  a blackish-brown 
matrix.  The  Paludinse  are  much  broken,  but  the  few 
perfect  ones  exhibit  no  specific  difference  in  form  to  those 
in  the  English  Wealden  marbles.  It  is  remarkable  that 
shaley  limestones  similar  in  all  respects  as  to  origin  and 
species  should  have  been  deposited  in  two  localities  so 
widely  apart  as  Kent  and  the  Cordilleras  of  Columbia. 

The  Raised  Beaches  of  County  Antrim,  their  Molluscan 
Fauna,  and  Flint  Implements,”  by  Mark  Stirrup,  F.G.S. 

Among  the  clearest  evidences  of  the  slow  upheaval  of 
land  and  the  consequent  change  in  the  relative  level  of  land 
and  sea.,  may  be  cited  raised  beaches. 

They  occur  in  many  places  around  our  shores,  often  at 
some  little  distance  inland,  and  at  various  elevations  above 
the  present  sea  level, 

Their  height  above  the  sea  level  is  a rough  gauge  of  their 
relative  age,  and  their  molluscan  fauna  of  the  climatical 
conditions  then  prevailing. 

On  the  coast  of  county  Antrim,  north  east  of  Ireland 
there  are  several  examples  differing  alike  in  position  and 
antiquity. 

These  Post-Tertiary  deposits  have  been  long  known,  and 
have  been  noticed  by  several  writers,  as  the  Rev.  Dr. 
Grainger  of  Belfast,  Professor  Hull,  and  others. 

The  fine  section  which  was  exposed  at  Larne,  by  the  cut- 
ting of  the  road  to  the  harbour  through  the  deposit,  and  at 
which  I spent  a short  time  last  year,  had  almost  entirely 
disappeared  on  my  visit  in  April  of  this  year.  The  ground 
had  been  cleared  to  build  a large  coim  warehouse  for  the 
accommodation  of  the  shipping  of  the  thriving  port  of 
Larne.  The  mass  had  apparently  been  carted  to  some 
adjoining  land.  The  flint  gravels,  of  which  a large  portion 
of  it  consists,  have  been  long  used  for  road  metal,  for  which 
it  forms  an  excellent  material. 


The  raised  beach  between  Ballygally  and  Glenarm  is  also 
being  rapidly  destroyed  for  the  same  purpose. 

The  two  deposits  I have  just  mentioned,  although  differ- 
ing slightly  in  their  moUuscan  fauna,  both  from  their  posi- 
tion above  the  present  sea  level  and  the  general  facies  of  the 
shells  tlierein,  may,  I think,  be  referred  to  the  same  period 
of  depression  of  the  land.  The  shells,  although  mostly  of 
species  now  found  living  in  the  adjoining  sea,  present  a 
northern  or  boreal  a,spect ; some  indeed  are  typical  of  glacial 
beds. 

In  the  naming  of  them  I have  had  the  kind  assistance  of 
Mr.  K.  D.  Darbishire,  RG.S. 

My  list  must  not  be  considered  a complete  one,  as  it  con- 
tains only  the  names  of  those  species  T have  myself  obtained 
and  of  which  I exhibit  specimens;  but  it  will  give  an  idea 
of  the  richness  and  character  of  the  deposit. 

The  raised  beach  at  tlie  Curran  of  Larne  is  an  extensive 
deposit  through  which  the  railway  and  road  to  the  harbour 
are  cut,  and  is  from  10  to  20  feet  above  high  water  mark. 

It  consists  of  stratified  sand  and  gravel ; the  stratum  of 
sand  2 to  3 feet  thick  forms  the  lower  part,  while  the 
remainder  is  made  up  of  firmly  compacted  gravel  and  sand ; 
the  stones,  some  of  which  are  of  considerable  size,  are  prin- 
cipally of  flint,  hard  chalk,  trap,  and  lias ; rolled  specimens 
of  Gryphoea  incurva  are  also  met  with. 

In  the  sandy  layer  near  the  base,  I found  Tapes  pullastra 
and  numerous  specimens  of  the  young  of  Lucina  borealis^ 
with  both  valves  in  apposition,  showing  that  they  had  lived 
and  died  on  the  spot.  , 

Most  of  the  shells  are  blanched  and  fragile ; some  of  them 
falling  into  powder  in  the  act  of  extraction. 

To  shew  the  chemical  decomposition  going  on,  two  very 
curious  examples  were  exhibited  of  a Littoriua  and  Natica, 
in  which  the  outer  layer  of  the  shells  has  been  decomposed 
leaving  only  the  thin  inner  ones  as  casts.  Some  of  the 
smaller  shells  are  often  preserved  from  injury  by  being 
enclosed  in  the  mouth  of  some  of  the  larger  species  of  uni- 
valves. 
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No.  1. 


Raised  Beach  at  the  CurraUj  Larne,  10  to  20  feet  above  high  water. 
Anomia  ephippium 
Lucina  borealis 
Cardium  edule 

„ pygmaenm 
Tapes  pullastra 
Mactra  (fragment) 

Syndosmya  alba 
Patella  vulgata 
„ Isevis 

Trochiis  cinerarius 
„ umbilicatus 
Going  northward  along  the  coast  road  from  Larne  and  at 
about  two  miles  past  Ballygally  in  the  townland  of  Bally- 
rudder,  abutting  against  the  cliffs  we  have  the  remains  of 
another  raised  beach.  It  is  stratified,  with  evidences  of 
current  bedding,  the  lower  portion  being  of  sand  and  small 
pebbles  12  to  15  feet  thick,  with  here  and  there  a little 
patch  of  clay,  over  this  lies  a ^stratum  of  larger  water- worn 
stones  or  gravel.  Many  of  the  shells  are  in  a fragmentary 
condition  and  are  not  now  found  plentifully.  This  deposit 
is  about  15  to  20  feet  above  high  water. 

The  shells  seem  to  bear  a more  arctic  type  than  those 
found  at  Larne  and  the  absence  of  Patellae  may  be  noticed  • 
probably  the  rocks  here  do  not  form  a suitable  habitat  for 
them. 

No.  2. 


jj 


Littorina  littoralis 
rudis 
littorea 
Purpura  lapillus 
Buccinum  undatum 
Nassa  reticulata 
Cliona  borings 

Outer  layer  of  shell 
decomposed,  leaving 
. only  the  inner  layer 


Natica 

Littorina 


Raised  Beach  on  the  landivard  side  of  the  coast  road  hetiveen  Larne 
and  Glenarm,  in  the  townland  of  Ballyrudder,  15  to  W feet 


above  high  water. 
Mytilus  (fragment) 

Leda  pernula 
Astarte  elliptica 
,,  compressa 
Tellina  solidula 
Mactra  solida  (fragment) 
Puncturella  Noacliina 
Troclms  zizyphinus 
Natica  (fragment) 


Littorina  littoralis 
„ rudis 

„ littorea 

Purpura  lapillus 
Buccinum  undatum 
Trophon  clathratus 
Mangelia  turricula 
Fusus  antiquus  (fragment) 
Balanus 
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in  addition  to  these  older  raised  beaches  there  are  alonsf 
the  shores  of  Belfast  Lough  and  at  points  along  the  coast 
road  from  Larne  northwards,  remains  of  gravel  beaches  of  a 
much  more  recent  origin  as  shown  by  their  slight  elevation 
above  the  present  high  water  mark  and  the  better  state  of 
preservation  in  which  the  shells  are  found. 

From  Larne  to  Waterloo,  a distance  of  about  two  miles, 
this  raised  beach  may  be  traced  in  some  degree  continuously. 
The  present  sea  beach  is  a sloping  one  covered  with  the 
gravel  of  the  older  beach,  which  is  about  5 to  6 feet  above 
the  sea  level,  and  is  being  wasted  yearty. 

The  lowest  portion  visible  seems  to  be  all  sand  with  occa- 
sional shells ; the  whole  deposit  of  sand  and  gravel  being 
about  8 to  4 feet  thick. 

In  the  stratum  of  sand  occur  at  intervals  thick  beds  of  shells 
consisting  for  the  most  part  of  Patellae,  Littorinae  and  Trochi. 
This  band  of  shells  may  be  traced  for  several  yards  at  a 
time,  amd  then  dies  away. 

This  old  beach  is  suffering  from  the  inroads  of  the  sea, 
and  the  shore  is  strewn  with  its  debris;  shells  that  have  been 
washed  out  may  be  found  mixed  with  recent  ones. 

A small  detached  portion  of  this  old  beach  which  rested 
on  the  lower  lias  rocks  at  Waterloo  had  entirely  disappeared 
between  my  visit  of  last  year  and  this.  It  would  seem 
therefore  that  the  land  is  either  undergoing  a slight  depres- 
sion or  that  the  currents  which  run  along  the  coast  are 
altering. 

Near  Larne,  at  the  junction  of  the  band  of  sand  with  the 
gravel  I found  firmly  imbedded  in  the  sand,  a fragment  of 
bone  and  a tooth  which  has  been  identified  by  Professor 
Boyd  Dawkins  as  a tooth  of  Bos  longifrons. 

No.  3. 


Raised  Beach  along  the  coast  between  Larne  and  Waterloo,  5 to  10 
feet  above  high  ivater  marh. 


Patella  vulgata 
„ Isevis 

Pectunculus  glycymeris 
Scrobicularia  piperata  (1) 
Trochus  cinerarius 


Littorina  littoralis 
„ rudis 

,,  littorea 

Purpura  lapillus 
Tooth  of  Bos  longifrons 


55 


No.  4. 

/Sikore  at  Kilroot — shells  of  old  sea  beach,  mixed  ivith  recent  ones. 

Cardium  edule,  recent  Littorina  littoralis 

Mytilus  edulis  „ littorea 

Telliiia  solidula,  recent  Rissoa  

Artemis  exoleta  (with  Serpulse),  Purpura  lapillus 

recent  Buccinum  undatun. 

Patella  vulgata  Nassa  reticulata 

Trochus  cinerarius 

At  Portrush  in  the  extreme  north  of  Antrim  another 
interesting  deposit  is  found  composed  entirely  of  shells 
and  shelly  sand,  and  it  is  remarkable  for  the  number  of 
species  it  has  afforded  to  collectors. 

It  is  situated  in  the  wave  worn  clefts  of  the  rocks  near 
the  inlet  called  Port  Scaddan  and  is  about  10  feet  above 
high  water. 

The  road  near  the  shore  goes  over  a portion  of  the 
deposit  and  it  is  dug  out  in  shallow  pits  and  used  for  garden 
walks  instead  of  gravel 

No.  5. 


Deposit  of  shells,  sand,  and  broken  shells,  at  Port  Scaddan,  Portrush, 

6 to  10  above  high  water. 


Anomia  

Mytilus  edulis 
Nucula  nucleus 
Mactra  subtruncata 
Patella  vulgata 

„ Isevis,  abundant 
Fissurella  Grseca 
Trochus  cinerarius,  veryabundt. 

,,  zizyphinus,  fairly  „ 
Lacuna  vincta 


Littorina  littoralis,  vy.  abundt. 
„ rudis 

„ littorea,  abundant 

Eissoa  parva 

Purpura  lapillus,  very  abundant 

Murex  erinaceus 

Nassa  incrassata 

Cyprsea  Europsea,  common 

Serpula 

Balaims  crenatus 


Flint  Implements. 

In  the  older  raised  beach  at  Larne  as  well  as  in  the  more 
recent  flint  gravels  along  the  coast  at  Kilroot,  Ballygally, 
&c.,  are  found  rude  flint  implements  of  a palfeolithic  type 
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and  not  distinguishable  in  make  and  form  from  the  flint 
flakes  found  in  the  river  gravels  of  England  and  France. 

They  occur  in  great  numbers  and  are  usually  of  a whitish 
colour,  with  a porcellaneous  glaze  upon  them,  a good  evi- 
dence of  their  antiquity  which  no  fresh  fractured  flint  can 
simulate.  This  appearance  is  no  doubt  due  to  long  expo- 
sure and  decomposition  of  the  outer  crust  of  the  flint. 

The  reason  for  their  great  abundance  in  these  localities 
may  be  due  to  the  unlimited  supply  of  the  raw  material 
which  is  furnished  by  the  flint  gravels  which  line  the  coast 

What  are  known  as  scrapers  or  thumb  flints  are  also 
found  as  well  as  the  flinty  cores  from  which  the  flakes  have 
been  struck. 

If  these  flint  implements  bear  on  their  face  the  evidences 
of  design  and  human  workmanship,  and  of  that,  I think, 
there  will  be  no  question,  as  they  bear  certain  characters 
well  understood  by  experts,  then  we  have  evidence  of  man 
in  a rude  state  of  existence  living  in  Ireland  when  the  land 
was  much  more  depressed  beneath  the  waters  of  the  ocean 
than  now.  Three  of  the  flint  flakes  exhibited  I extracted 
from  about  the  middle  of  the  consolidated  bed  of  sand  and 
gravel  which  constituted  the  older  raised  beach  at  Larne ; 
therefore  this  thick  deposit  must  then  have  been  in  process 
of  formation  around  the  ancient  shore  of  Antrim. 

Similar  elevations  of  land  as  shown  to  have  taken  place 
in  Ireland  since  the  human  period,  have  also  occurred  along 
the  western  shores  of  England  and  Scotland,  as  instanced  by 
the  same  phenomena  and  the  fact  mentioned  by  Mr.  Geikie 
in  his  great  “ Great  Ice  Age  ” of  several  canoes  having  been 
dug  out  of  the  25  feet  terrace  along  the  estuary  of  the  Clyde. 

A general  elevation  of  land  may  have  been  synchronous 
on  both  sides  of  the  channel,  and  Professor  Hull,  in  a paper 
read  before  the  British  Association  at  Brighton  in  1872, 
suggested  the  correlation  of  the  raised  beaches  of  Ireland 
and  the  British  coasts  as  desirable. 
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General  Meeting,  November  28th,  1876. 

Edwakd  Schunck,  Ph.D.,  F.RS.,  Vice-President,  in  the 

Chair. 

Mr.  Walter  Barrett,  of  Higher  Broughton;  Mr.  James 
Smith,  of  Cleveland  Road,  Crumpsall;  and  Mr.  Thomas  Parry, 
of  Ashton-under-Lyne,  were  elected  Ordinary  Members  of 
the  Society. 


Ordinary  Meeting,  November  28th,  1876. 

Edward  Schunck,  Ph.D.,  F.R.S.,  Vice-President,  in  the 

Chair. 

“ The  RadiometerT — Mr.  Harry  Grimshaw,  F.C.S.,  com- 
municated the  following  summary  of  an  extract  from  the 
c‘ Panorama  of  Science  and  Art,”  published  by  Nuttall, 
Fisher,  and  Dixon,  1813,  2 vols. 

“ After  alluding  to  Boerhaave’s  experiment  on  the  influ- 
ence of  the  ^burning  glass’  on  the  motion  of  the  ^ compass,^ 
the  extract  goes  on  to  describe  a radiometer  constructed  by 
Mitchell,  which  seems  to  have  been  constructed  as  follows  : — 
A thin  plate  of  copper  1 inch  square  was  attached  to  one  end 
of  a fine  ‘harpsichord’  wire  10  inches  long.  This  was  balanced 
on  an  agate  suspension,  and  the  little  copper  plate  was 
counterpoised  by  a grain  of  shot  at  the  other  extremity  of 
the  wire. 

“As  a result  of  experiments  with  the  instrument,  it  was 
Proceedings— Lit.  &Phil.  Soc.— Vol.  XVI.— No.  5. — Session  1876-77. 
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found  that  the  influence  of  the  raj^s  of  the  sun  focussed  by 
a concave  mirror  2 feet  in  diameter,  caused  a revolution  of 
1 millionth  of  an  inch  in  a second. 

‘^The  instrument  was  protected  by  some  sort  of  glass 
shade. 

The  same  motion  was  produced  in  a vacuum.” 


^'Note  on  a Manganese  Ore  from  New  South  Wales,  and 
on  a Specimen  of  Native  Silver  from  New  Zealand,”  by 
M.  M.  Pattison  Muir,  F.RS.E. 

I lately  received  a small  specimen  of  manganese  ore  taken 
from  a very  large  deposit  near  Bathurst,  N.S.W.  The  ore 
is  said  to  constitute  the  greater  part  of  a considerable  moun- 
tain in  that  neighbourhood. 

The  sample  was  greyish-black  in  colour;  when  broken  it 
exhibited  an  ill -defined  crystalline  structui’e,  and  showed 
patches  of  dark  brown  or  black  intermingled  with  others  of 
dark  steel-grey  colour. 

When  heated  in  a small  glass  tube  a considerable  quan- 
tity of  water  was  evolved. 

The  amount  of  manganese  dioxide  was  determined  by 
the  oxalic  acid  method  of  Fresenius  and  Will : the  total 
quantity  of  manganese  was  also  determined  by  precipitation 
vdth  bromine  water,  after  removal  of  ferric  and  aluminic 
oxides : the  excess  of  manganese  above  that  reqj^uired  for 
the  formation  of  the  amount  of  dioxide  found  to  be  present 
was  calculated  to  protoxide. 

The  following  are  the  results  of  the  analysis. 

Manganese  Dioxide  78 ’72  per  cent. 


„ Protoxide  

, 3-66 

Ferric  and  Aluminic  Oxides  . . . 

, 6-50 

JJ 

Silica  

5’80 

JJ 

Moisture  

4-75 

99'43 
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If  the  percentage  amount  of  manganese  dioxide  be  calculated 
on  the  dried  specimen,  it  is  found  to  amount  to  82 '21. 

Traces  of  zinc  and  of  sodium  were  also  found. 

The  specimen  of  native  silver,  the  analysis  of  which  is 
appended,  was  sent  to  me  from  the  Thames  Goldfield,  New 
Zealand.  It  presented  the  appearance  of  arborescent  crys- 
tals radiating  outwards  from  a central  mass  at  acute  angles. 
A very  small  quantity  of  crystalline  quartz  could  be  seen  in 
the  cavities  of  the  mass. 

The  silver  was  estimated  by  precipitation  as  chloride; 
the  copper,  mercury,  &c.,  were  precipitated  by  means  of 
sulphuretted  hydrogen ; the  copper  was  separated  by  solu- 
tion in  nitric  acid,  and  estimated  in  this  solution  by  the 
colorimetric  method  depending  upon  the  use  of  potassium 
ferrocyanide  described  by  Carnelley  (Proc.  Manchester  Lit. 
and  Phil.  Soc.,  1875-76,  p.  24).  The  iron  was  precipitated 
by  means  of  ammonium  sulphide,  the  precipitate  was  dis- 
solved in  dilute  hydrochloric  acid,  and  the  quantity  of  iron 
estimated  by  Carnelley ’s  colorimetric  method  (Proc.  Lit. 
and  Phil.  Soc.,  vol.  v.,  p.  346). 

The  sulphide  of  mercury  was  dissolved  in  aqua  regia,  and 
an  attempt  was  made  to  estimate  the  quantity  of  the  metal 
by  Hannay’s  volumetric  method  (Chem.  Soc.  J.  [2]  xi.  565). 
The  quantity  present  was,  however,  too  small  to  admit  of 
estimation  by  this  method. 

The  mercury  was  approximately  estimated  by  comparing 
the  depth  of  colour  produced  in  the  liquid  on  the  addition 
of  sulphuretted  hydrogen  water  with  that  produced  in  an 
equal  bulk  of  pure  water  to  which  a known  volume  of 
standardised  mercuric  chloride  solution  had  been  added. 
This  method  did  not  give  very  satisfactory  results : it  was 
found  that  the  shades  of  colour  in  the  two  liquids  were  not 
exactly  the  same.  For  this  reason  the  quantity  of  mercury 
stated  below  must  be  regarded  as  approximative  only. 


60 


Silica  and  Gangue 1’93 

Silver 97*05 

Mercury 0*28 

99-26 

Copper  0-00005 

Iron  0-00109 


Very  minute  traces  of  bismuth  were  also  detected. 

Mr.  Muir  also  exhibited  a number  of  new  salts  of  Bismuth, 
including  several  chromates,  oxybromides,  ferrocyanides, 
&c.,  likewise  specimens  of  terpenes,  &c.,  from  essential  oil  of 
sage. 

Mr.  W.  H.  Cooke  read  an  ^‘Extract  from  an  Autobio- 
graphical Memorandum  by  the  late  Mr.  G.  Finlay,  of 
Athens.” 

Mr.  B.  D.  Daebishire,  F.G.S.,  then  exhibited  and  de- 
scribed a Selected  Series  of  Neolithic  Implements  from 
Greece,  from  Mr.  Finlay’s  Collection. 


Ordinary  Meeting,  December  12th,  1876. 

f 

E.  W.  Binney,  F.R.S.,  F.G.S.,  President,  in  the  Chair. 

The  President  said  that  he  had  received  a letter  from 
Mr.  N.  Staples,  at  Lissan,  Cookstown,  Ireland,  dated  Decem- 
ber 4th,  on  the  subject  of  the  meteor  of  the  15th  August 
last,  as  follows  : “ As  I notice  in  the  paper  that  you  observed 
a meteor  on  the  night  of  the  loth  August  when  in  the  Isle 
of  Man,  I beg  to  inform  you  that  a meteor  was  observed 
in  Cookstown  (about  longitude  W.  6°  45')  on  the  night  of 
Tuesday,  the  15th,  about  9.45  local  time  (time  observed 
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probably  not  exact)  passing  over  from  S.E.  to  N.W.  It 
was  described  to  me  as  lighting  up  the  whole  street^  colour 
reddish  green!'  This  shows  that  it  was  observed  from 
Eochdale  in  the  east  to  Cookstown  in  the  west,  a distance 
of  nearly  two  hundred  miles. 


“The  Lowest  Amounts  of  Atmospheric  Pressure  during 
the  last  Sixteen  Years,  as  observed  by  Thomas  Mackereth, 
F.RA.S.,  F.M.S.” 

The  following  are  the  lowest  pressures  of  the  atmosphere 
observed  at  Eccles  during  the  last  16  years.  Each  reading 
of  the  barometer  has  been  reduced  to  82°  Fahr.  and  the 
height  at  sea-level.  The  weekly  means  are  for  the  whole 
week  in  which  the  lowest  reading  was  registered.  No 
minimum  reading  has  been  considered  which,  at  sea-level, 
would  be  2 8 '6  inches. 


Year. 

Month. 

Date. 

Time  of 
Observation. 

Lowest  reading 
reduced. 

Mean  Height 
for 

the  week. 

1865 

January 

14 

9 a.m. 

Inches. 

28-360 

Inches. 

29-277 

1867 

Si  

8 

Si 

28-558 

29-228 

1872 

Si  

24 

Si 

28-454 

29-253 

1873 

Si  • • * 

19 

11.30  p.m. 

2S-327 

29-127 

1876 

March  

10 

9 a.m. 

28-568 

29-173 

1876 

December 

4 

Si 

28-379 

29-143 

The  lowest  reading  for  January  19tli5  1873,  was  the 
absolute  minimum,  as  the  barometer  was  read  every  half 
hour  till  the  minimum  had  been  reached  and  the  mercury 
began  to  rise.  There  does  not  appear  to  be  any  order  or 
rule  which  these  low  pressures  follow.  The  only  thing 
rem.arkable  is  that  four  of  them  in  succession  occured  in  the 
month  of  January,  and  with  one  exception  they  all  took 
place  in  the  morning. 

The  directions  of  the  wind  during  the  low  atmospheric 
pressures  indicated  in  the  above  table  were  as  follows : — 
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1865.  January  14th,  o.S.E.  through  S.  to  W. 

1867.  January  8th,  S.E.  persistent. 

1872.  January  24th,  N.  through  AV.  and  S.  to  E.S.E. 

1873.  January  19th,  S.S.AY.  veering  alternately  to  S.S.E.  and 

N.W. 

1876.  March  10th,  S.S.W.  veering  alternately  to  S.  and  through 
W.  and  N.  to  N.N.E. 

1876.  December  4th  S.E.  veering  alternately  through  E.  to  N.E. 
and  through  S.W.  and  N.  to  N.N.E. 

Mr.  Baxendell  read  the  following  letter  from  Mr. 
Joseph  Sidebotham,  F.K.A.S.,  dated  Mentone,  December 
7th,  1876  : — 

There  is  a little  matter  I wish  you  would  call  attention 
to  at  one  of  the  meetings  of  the  Lit.  and  Phil.  Soc.,  in  order 
that  the  remarks  of  the  members  upon  it  may  be  obtained, 
and  if  thought  desirable,  published  in  the  “ Proceedings,”  so 
as  to  come  before  the  public. 

My  attention  has  been  for  some  time  directed  to  the 
growing  use  of  the  anneline  colors  for  tinting  photogj’aphs. 
Now  I find  they  are  being  extensively  used  in  paintings  and 
water-color  drawings,  and  the  colors  regularly  sold  for  that 
purpose.  Any  one  who  knows  the  speedy  alteration  by 
light  of  nearly  all  of  these  colors  will  protest  against  their 
use,  and  a statement  of  this  with  the  authority  of  some  of 
our  chemists  would  probably  have  the  effect  of  causing  them 
to  be  discontinued  by  all  artists  who  care  to  think  that 
their  works  should  last  more  than  a single  year. 

Professor  C.  Schorlemmer,  F.B.S.,  exhibited  the  new 
colouring  matters  Fluorescein,  soluble  Eosin,  and  insoluble 
Eosin,  as  well  as  samples  of  silk  and  wool  dyed  by  them, 
and  showed  the  characteristic  properties  of  these  bodies. 

On  a Mineral  Water  from  Humphrey  Head,  near  Grange- 
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over-Sands,  North  Lancashire,”  by  Joseph  Barnes  and 
Harry  Grimshaw,  F.C.S. 

The  mineral  spring  of  which  the  following  analyses  have 
been  made  issues  from  the  western  side  of  the  low  promon- 
tory of  Humphrey  Head,  almost  at  the  base  of  the  cliffs, 
and  near  to  the  sea  shore,  but  quite  above  the  ordinary 
high-water  mark.  The  base  of  the  rocks  of  which  the  sub- 
stratum of  the  head  is  composed  is  washed  by  the  tide  when 
high,  though  it  is  far  away  from  the  water  at  its  ebb  in  the 
wide  and  flat  Morecambe  Bay,  in  which  the  Humphrey 
Head  forms  the  division  between  the  Milnthorpe,  or  Lan- 
caster Sands,  and  the  Ulverston,  or  Leven  Sands.  The 
north  and  east  sides  of  the  head  descend  in  a gentle  slope  to 
the  sands,  whereas  the  west  and  south  sides  present  a rugged 
and  perpendicular  face  of  limestone  rock. 

As  regards  the  geology  of  the  Head ; the  strata  of  which 
it  is  composed,  consist  of  mountain  limestone,  based  upon  the 
upper  Silurian,  which  structure,  we  learned  from  Professor 
Dawkins,  is  common  to  a great  portion  of  that  district. 
Humphrey  Head  therefore  seems  to  form  a small  outlying 
spur  of  the  mountain  system  of  the  district,  but  it  is  com- 
pletely separated  by  a strip  of  low-lying  land  from  the 
nearest  connected  spur  of  the  high  lands  of  the  neighbour- 
hood, which  is  Kirk  Head  and  contains  the  well  known  cave 
in  which  such  interesting  antiquarian  discoveries  have  been 
made.  The  whole  of  this  neighl^ourhood  is  remarkable  for 
the  general  absence  of  streams  or  springs  of  any  description, 
owing  doubtless  to  the  very  porous  nature  of  its  rock  forma- 
tions, which  allow  the  water  to  percolate  down  to  the  sea- 
level  instead  of  finding  their  way  along  the  surface  to  any 
extent. 

The  mineral  spring  which  issues  as  described  near  the  base 
of  the  Humphrey  Head,  w^as  formerly  and  we  suppose  is 
still  known  by  the  name  of  the  Holy  Well.  Two  samples 
of  its  water  have  been  taken,  the  first  (a)  on  August  29th, 
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1875,  and  the  second  (b)  on  the  20th  of  the  same  month 

1876.  The  following  data  were  obtained  on  analysis. 

Sample  (a)  had  an  almost  imperceptible  Alkaline  reaction. 

(1)  Specific  Gravity — Bottle  holds  25'031  grams  Water. 

„ „ 5,  25-176  „ Mineral  Water. 

Specific  Gravity — T00579  at  15°  C. 

(2)  Ammonia — Half  a litre  distilled  by  Wanklyn’s  process  gave : 

0-47  grams  free  Ammonia  and  -03  of  Alluminoid 
Ammonia,  equal  to  0-94  and  0-06  pts.  per  million 
respectively. 

(3)  Chlorine — 10  c.c.  of  the  water  required  33*  1 c.c.  Standard 

Nitrate  of  Silver  (1  c.c.^rl  m.  grm.  Cl). 

(4)  Total  Solid  Matter — 100  c.c.  on  evaporation  gave  0-729 

grm.  which  on  analysis  gave  — 

(5)  Silica — 0-0006  grm. 

(6)  BaS04 — 0-294  containing  0*1008  SO3. 

(7)  CaCOs— 0-1088  „ 0*0608  CaO. 

(8)  MgaPsO;— 0-08  „ 0.0288  MgO. 

(9)  Traces  of  Iron  and  Alumina  were  found. 

Sample  (6)  had  a neutral  reaction. 

(1)  Total  Solid  Matter — As  a mean  of  three  determinations  100 

c.c.  gave  0-7352  grams. 

(2)  Chlorine — As  a mean  of  two  determinations  5 c.c.  took 

16*65  c.c.  Stand.  Ag.  NO3. 

(3)  Hardness— 10  c.c.  were  made  up  to  250  c.c.  and  70  c.c. 

gave  4*1°  of  Hardness. 

(4)  Iron  and  Alumina — Traces  were  found. 


Sample  (a). 

Grains  per  Gal. 

Sample  (&) 
Grains  per  Gal. 

Silica  (SiOg)  

0*42 

i 

Sulphuric  Acid  (SO3) 

70-50 

1 

Lime  (CaO) 

42-50 

1 

Magnesia  (MgO) 

4*89 

. j 

Magnesium  (Mg)  

9*37 

Chlorine  (Cl)  

231*70 

233*1 

Alkalis  (K  and  Na) 

150*92 

Total  Solids  

510*30 

514*64 

Hardness 

102*50 
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A calcTilation  of  these  results  on  the  usual  assumptions  of 
the  combination  of  the  different  bases  and  acids,  yields  the 
following  result  for  sample  (a),  leaving  the  small  amounts  of 
Silica  and  Ammonia  out  of  consideration. 


Silica 

Calcium  Sulphate 

Magnesium  Sulphate . . . 
Magnesium  Chloride... 

Sodium  Chloride  

Potassium  Chloride  . . . 


0*42  Grms.  per  Gal. 


103-21 

14-68 

37-07 

270-03 


84-90 


j? 


510-31 


The  lime  is  placed  as  in  combination  with  Sulphuric  Acid, 
as  forming  the  most  insoluble  compound  with  it,  and  that  a 
considerable  amount  of  the  Magnesium  is  combined  with 
Chlorine  is  evident  from  the  fact,  that  an  estimation  of 
Chlorine  in  the  solid  residue,  after  heating  it  for  some  time 
to  170°  C.  gave  only  219 ’8  grains  of  Cl.  per  gallon,  showing 
a loss  of  11-9  grains.  The  relative  amounts  of  Potassium 
and  Sodium  Chlorides  are  calculated  by  difference,  from  the 
total  Alkali  and  Chlorine. 


Remarks  on  results  of  Analysis. — The  proportion  between 
the  free  and  Alluminoid  Ammonia,  in  this  water  is  very 
remarkable,  the  amount  of  the  former  being  conspicuously 
large  (0-94  pts.  per  mil),  whereas  the  latter  is  hardly  more 
than  detectable  (0-06).  The  amounts  of  Alkaline  Chlorides 
(354-93  grms.  per  gal.)  is  very  large,  mostly  consisting  as 
will  be  seen  of  Chloride  of  Sodium.  We  are  of  opinion  that 
this  is  due  to  the  upward  absorption  of  a certain  amount  of 
sea  water  by  the  porous  rocks  through  which  the  waters  of 
the  spring  find  their  way,  in  fact  the  whole  contents  of  the 
water  seem  to  be  only  such  as  might  be  naturally  expected 
from  the  nature  of  the  rock  construction  of  the  Humphrey 
Head  and  its  proximity  to  the  sea.  It  is  stated  in  works 
referring  to  this  district  that  this  spring  was  at  one  time  in 
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high  repute  for  the  medicinal  qualities  of  its  water,  more 
especially  in  the  cure  of  various  cutaneous  disorders,  but  at 
the  present  time  it  is  seldom  visited  except  from  curiosity, 
though  a few  of  the  country  people  around  seem  to  have  a 
lingering  belief  in  its  virtues. 

For  some  of  the  figures  in  the  above  analyses  we  owe  our 
thanks  to  Mr.  Chaster,  late  a student  of  the  Owens  College. 

Since  the  above  was  written,  our  attention  has  been 
directed  to  an  analysis  of  the  water  of  this  spring,  published 
in  the  year  1868  in  the  Journal  of  the  Chemical  Society 
(2nd  Series  VI  20),  by  T.  E.  Thorpe,  (now  F.E.S.),  in  which 
the  Author  gives  more  minute  details  of  the  constituents  of 
the  water,  than  we  have  done  in  this  paper,  but  which  in 
the  main  shows  that  the  quality  of  the  water  remains  very 
constant.  The  exception  to  this  is  in  the  amount  of  Potash, 
which  in  our  case  (calculated  from  the  amounts  of  acid  and 
base)  is  very  mnch  larger  than  in  Thorpe’s  analysis.  We 
hope  at  a later  date  to  perform  other  and  more  minute 
analyses  of  this  spring,  in  order  to  see  as  far  as  possible 
whether  this  uniformity  is  still  maintained. 


“ On  Ternary  Differential  Equations,”  by  Sir  James 
Cockle,  F.RS.,  Corresponding  Member  of  the  Society. 


1.  Suppose  that  the  criterion  of  integrability  is  not  satis- 
fied for 

■dz  = M.dx + ^dy (1) 

and  is  satisfied  for 


dz—pdx-\-qdy  (2) 

which  is  the  same  thing  as  supposing  that  when 


<xM 

dy  dz 


dN"  TT  1 dp  dp 

- = U and  ^ + q 


dx 


dz 


dq  dq 


dy  ^ dz  dx  ^ dz 


= u. 


then  U is  finite  and  u is  identically  null. 

2.  Using  D to  denote  total  and  d partial  differentiation, 
we  may  write  the  last  two  equations  in  the  respective 
forms 
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“ ™ = U (3) 

ay  ax 

M) 

dy  dx  ""  ' ^ 

and  if  we  put 

M = P + p and  N = Q + g' 

then,  developing  and  remembering  (4)  and  putting  u=0, 

dy  dx  ^ ^ 

3.  Let  ^ {x,  y,  0,  c)=0  be  the  complete  solution  of  (2) 

and  suppose  that  some  particular  solution,  say  ^ {x,  y,  0,  a)=0 

is  also  a solution  of  (1).  Then  ^ (x,  y,  0,  a,)  =0  gives  M=jp 

and  N=g,  and  therefore 

DP  DP 

P = 0,  ^ =0and  ^ = 0 
^dx  dy 

Q = 0,^=0and^  = 0 

and  consequently,  by  (5),  it  gives  U=:0.  Hence  if  (1), 
not  being  integrable,  has  a single  solution,  that  solution  is 
contained  in  TJ—0.^ 

4.  If  we  develope  and  then  eliminate  p between 

0 and  0 and  q between  ^ = 0 and  0,  we 
dx  dx  dy  dy 

find 

dV  c?Q  c?Q  dP  _ ^ T c?Pc?Q  c?Q  cZP  _ 

dx  dz  dx  dz  dy  dz  dy  dz 

which,  combined,  give 

dx  dy  dx  dy 

Hence  P and  Q are  functions  one  of  the  other. 


* I call  sucli  solutions  “ discriminoidal.”  For  an  example  of  tliis  dis- 
criminoidal  solution  see  Art.  26  of  my  paper  On  Particular  Integrals” 
in  the  Quarterly  Journal  of  Pure  and  Applied  Mathematics  (vol.  XIII. 
p.  239).  In  the  present  communication  to  the  Society  it  will  he  seen 
that  I do  not  have  any  recourse  whatever  to  the  general  dual  solution. 

“ Oakwal”  near  Brisbane,  Queensland,  Australia. 

October  10  th,  1876* 
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5,  If  we  develope 

d /Bp  D dp  Bd^ 

dz  \dy  dx  ) dy  dz  dx  dz 


(6) 


we  shall  see  that  it  is  an  identity ; for  the  sinister  only  dif- 
fers from  the  dexter  in  having  the  terms 


dp  dq 
dz  dz 


^ whicli-O 

dz  dz 


or  cancel  one  another.  Hence 


dp  j dq 
-~dx  ^~~dy 
dz  dz 

is  a perfect  differential,  not  in  general  integrahle  in  its  pre- 
sent form.  It  is  in  fact  the  differential  of  the  logarithm  of 
the  reciprocal  of  the  integrating  factor  of  (2). 


EREATA. 

Page  34,  for  lines  8,  9,  10,  11, 12,  13  read — I can  merely  bring  before 
you  a few  of  tbe  more  noteworthy  points  wliich  stand  out  from  my 
general  reading,  more  especially  relating  to  the  History  of  Ancient  Life 
on  the  earth,  together  with  some  general  considerations  which  seem  to 
me  opportune  under  the  circumstances  of  the  time.” 

Page  40,  line  4 from  the  bottom,  for  flu  viable”  read  fluviatile.” 
Page  40,  last  line,  for  ‘^the  equivalent  of”  read  ‘"as  old  as.” 
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Ordinary  Meeting,  December  26th,  1876. 

E.  W.  Binney,  F.B.S.,  F.G.S.,  President,  in  the  chair. 

Notice  of  the  ''Almanacke  for  XII  Yere,”  printed  by 
Wynkyn  de  Worde  in  1508,  by  William  E.  A.  Axon, 
M.R.S.L.,  &c. 

Some  members  of  the  society  may  be  interested  in  this 
curious  work,  of  which  a transcript  has  recently  been  made 
for  me.  The  “Almanacke  for  XII  yere”  is  of  excessive 
rarity.  There  are  only  two  copies  known  to  exist.  One 
was  found  by  Dr.  Bandinel  in  the  Bodleian  Library,  and  the 
other  is  in  the  British  Museum.  It  is  one  of  the  smallest 
books  in  the  world,  measuring  only  two  inches  and  a half 
by  two  inches. 

The  object  of  the  undertaking  is  thus  set  forth  : — • 

“ This  almanacke  and  table  shall  endure  XII  yere  and  is 
calked  after  the  latytude  of  Oxeforde  / and  it  is  taken  out 
of  the  grete  ephymerides  or  almanacke  of  XXX  yere  / and 
sheweth  the  coniunccios  that  is  to  say  the  metynge  & fyrst 
lyghtnynge  that  the  mone  taketh  from  the  sonne  the  whiche 
is  called  the  chaunge  or  the  newe  mone  amonge  us.  And 
the  opposycyons  that  is  to  say  the  full  mone  whan  we  se  it 
full  & roude  ^ Also  ye  shal  fynde  every  yere  how 
longe  the  fiesshe  tyme  is  betwene  Crystmas  and  lente  / & 
that  is  called  Inter vallu  / and  there  ye  shal  see  how  mani 
weekes  and  dayes  the  tyme  is  betwene  Crystemas  and  lente 
& so  forthe  shal  ye  fynde  Septuagesima  that  is  whan 
Alleluya  Gloria  i excelsis  / & Te  Deum  is  layde  down  in 
holy  chyrche  / and  than  foloweth  Quadragesima  that  is  the 
fyrst  sondaye  in  dene  lent  and  then  ye  shall  fynde  eester 
day,  Rogacion  daye,  Ascencyon  day  Whytsonday  / and 
Advent  sonday.  And  also  ye  shal  fynde  the  eclypses 
betwene  the  sonne  and  the  mone  with  tlie  daye  / hour  / and 
Pkooeedings — Lit.  & Phil.  Soc,— Vol.  XVI,—No.  6. — Session  1876-7. 
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mynute  folowynge/  lately  corrected  and  emprynted  at 
London  in  the  Fletestrete  by  wynkyn  de  worde.  In  the 
yere  of  the  Incarnacyon  of  onr  lorde  A.M.  CCCCC  and  viii. 
The  xxiii  yere  of  the  reygne  of  onr  most  redoubted 
sonverayne  lord  kinge  Henry  the  YH.” 

In  the  tables  which  follow  it  is  noticeable  that  whilst 
only  Roman  numerals  are  employed  throughout,  the 
cipher  is  used  to  show  that  some  places  in  the  column  have 
not  been  left  blank  by  accident.  Whether  this  is  taken 
from  the  Arabic  numerals,  or  is  a survival  of  the 
used  in  the  abacus  named  after  Boethius  might  be  difficult 
to  determine. 

“A  Notice  of  some  Organic  Remains  from,  the  Manx 
Schists,”  by  E.  W.  Binney,  F.R.S.,  F.G.S.,  President. 

[This  Paper  will  appear  in  a succeeding  number  of  the 
Proceedings.] 

On  Changes  in  the  Rates  of  Mortality  from  Different 
Diseases  during  the  Twenty  Years  1854-73,”  by  Joseph 
Baxendell,  F.R.A.S. 

It  is  well  known  to  all  who  take  an  interest  in  questions 
relating  to  health  and  disease  that  the  sanitary  measures 
which  have  been  carried  out,  at  great  cost,  in  all  parts  of  the 
country  during  the  last  twenty  or  thirty  years  appear  to 
liave  had  no  perceptible  effect  in  improving  the  general 
state  of  the  public  health  and  reducing  the  rate  of  mortality, 
and  a feeling  is  rapidly  gaining  ground  that  the  sanitary 
schemes  which  have  been  imposed  upon  the  country  by 
parliament  are  either  of  very  questionable  utility,  or  have 
been  carried  out  by  local  authorities  in  a very  negligent 
and  inefficient  manner,  while  the  enormous  and  rapidly 
increasing  expenditure  which  they  involve  is  becoming  a 
matter  for  very  serious  consideration,  and  is  especially 
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annoying  and  disappointing  when  it  is  seen  that  they  have 
so  far  signally  failed  to  produce  the  results  which  their  pro- 
moters so  confidently  anticipated.  Occasionaly  when  a 
season  or  succession  of  seasons  favourable  to  the  public 
health  has  reduced  the  death  rate  for  a time,  sanguine 
officials  have  hastily  and  inconsiderately  attributed  the 
reduction  to  their  so-called  sanitary  improvements  and 
arrangements;  but  when  a period  is  taken  sufficiently  long 
to  eliminate  the  influence  of  changes  in  the  seasons  it  is 
found  that  no  reduction  whatever  has  taken  place,  but  that 
on  the  contrary  the  rate  has  still  a slight  tendency  to  in- 
crease. Thus  the  average  death  rate  for  all  England  and 
Wales  during  the  ten  years  1854-63  was  22T4,  w^hile  in  the 
following  ten  years  1864-73  it  was  22*45,  or  1*4  per  cent 
greater. 

That  the  present  sanitary  system  is  very  defective  and 
not  likely  to  produce  any  material  improvement  in  the 
public  health  is  virtually  admitted  by  many  officers  of 
health,  who  now  frequently  state  in  their  reports  that  the 
deaths  which  have  occurred  in  their  districts  were  from 
causes  over  which  the  board  or  sanitary  authority  had  no 
control,  by  which  it  is  commonly  understood  that  the  dis- 
eases which  caused  the  deaths  were  not  contagious  or  infec- 
tious, or  as  they  are  now  frequently  termed,  preventible,’" 
the  operation  of  the  present  system  being  thus  confessedly 
limited  to  a group  of  diseases  which  cause  only  about  one 
seventh  of  the  total  number  of  deaths.  But  we  have  seen 
that  during  the  last  twenty  years  there  has  been  no  diminu- 
tion in  the  general  death  rate,  and  it  is  evident  therefore 
either  that  sanitary  measures  have  failed  entirely  to  reduce 
the  mortality  from  the  so-called  preventible  diseases,  or  that 
any  reduction  they  have  effected  has  been  counterbalanced 
by  a corresponding  increase  in  the  mortality  from  the  non- 
preventible  class.  With  a view  to  determine  which  of  these 
conclusions  is  the  true  one  I have  compared  the  rates 
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of  mortality  from  difierent  diseases  during  the  ten  years 
1854-63,  with  those  for  the  succeeding  ten  years  1864-73, 
the  year  ] 873  being  the  last  for  which  an  annual  report 
has  been  published  by  the  Registrar  General. 

The  mean  population  ol  England  and  Wales  for  the  first 
period  was  19,592,113,  and  for  the  second  22,099,664,  the 
ratio  of  these  numbers  being  as  1 ; 1T280. 

The  following  table  shows  the  number  of  deaths  in  each 
period  from  each  of  eight  infectious  diseases;  the  corre- 
sponding ratios ; the  difterences  between  these  ratios  and 
that  of  the  increase  of  population;  and  the  percentages  of 
increase  or  decrease  of  the  death-rates  : 


Differences 

Percen- 

Total  Deaths. 

from 

tages  of 

Ratio  of 

Increase  or 

Ratios. 

Increase  of 

Decrease  of 

10  Years, 

10  Years, 

Popula- 

Death- 

1854—63. 

1861-73. 

tion. 

rate. 

Scarlet  Fever  and  | 

Diphtheria  ) 

Fever,  Typhus,  Typ-"^ 
hoid,  and  simple  > 
continued  Fever...  3 

218,248 

227,849 

1-0439 

— -0841 

-7-4 

169,511 

180,467 

1-0646 

— -0644 

— 5'6 

Whooping  Cough  

104,353 

110,722 

1-0610 

—•0670 

-5-9 

Measles, 

88,254 

89,121 

1-0098 

— -1182 

—10-4 

Croun  . 

52,160 

33,515 

18,510 

13,667 

47,562 

70,458 

19,320 

5,174 

0-9118 

—•2162 

—19-1 

Smallpox  

2-1023 

-p-9743 

—•0891 

-1-86-3 

—7-9 

Ervsipelas  

1-0389 

Influenza 

0-3859 

—•7495 

—66-4 

It  appears  therefore  that  of  these  eight  infectious  diseases 
the  mortality  from  seven  has  diminished  very  sensibly, 
while  that  from  the  eighth,  small-pox,  shows  an  extra- 
ordinary increase.  But  this  disease  is  the  only  one  for 
which  we  have  a special  preventive,  and  yet  although  this 
preventive  has  been  almost  universally  applied  under  the 
powers  of  Acts  of  Parliament,  and  all  the  other  infectious 
diseases  appear  to  have  yielded  in  various  degrees  to  the 
influence  of  ordinary  sanitary  improvements,  this  disease 
has  increased  at  a rate  greatly  exceeding  that  at  which  any 
other  infectious  disease  has  decreased,  and  even,  as  I shall 
presently  show,  greatly  exceeding  that  at  which  any  other 
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disease  whatever  has  increased  or  decreased,  thus  strongly 
suggesting  the  idea  that  special  means  must  have  been  taken 
to  encourage  its  development. 

Thirty  years  ago  it  was  commonly  supposed  that  small- 
pox occurred  much  more  frequently  among  children  and 
young  persons  than  among  adults,  and  I find  that  in  the 
five  years,  1848-52,  the  first  for  which  we  have  accurate 
returns,  the  deaths  of  males  under  5 years  of  age  were  66*5 
per  cent,  of  the  total  number  of  deaths  at  all  ages,  but  in  the 
5 years  1869-73  the  proportion  had  fallen  to  31*0  per  cent. 
For  females  the  numbers  were  respectively  72'2  and  36T 
per  cent.  The  proportion  of  deaths  at  all  ages  above  5 years 
was  therefore  more  than  doubled.  But  taking  the  deaths 
between  the  ages  of  25  and  65  the  proportion  was  more  than 
trebled  in  the  case  of  males,  and  more  than  quadrupled  in 
the  case  of  females ; and  taking  into  account  the  increase  in 
the  total  mortality  at  all  ages  it  appears  that  the  death-rate 
of  males  between  the  ages  of  25  and  65  years  was  4*46  times 
greater  in  1869-73  than  in  1848-52,  and  of  females  5T4 
times  greater.  These  remarkable  Tacts  seem  to  indicate  that 
this  loathsome  disease  has  in  some  way  become  yotj  much 
modified,  and  more  virulent,  or  that  some  cause  has  been  in 
operation  which  has  rendered  the  adult  portion  of  the  popu- 
lation very  much  more  susceptible  to  its  attacks,  and  it  is 
evident  therefore  that  it  is  now  a much  more  serious  evil  to 
society  than  it  was  20  or  30  years  ago,  not  only  because  the 
mortality  from  it  has  greatly  increased,  but  also  because  a 
very  much  larger  proportion  of  that  mortality  now  falls  upon 
the  producing  classes.  In  spite  of  sanitary  improvements, 
and  the  protection  supposed  to  be  afiorded  by  the  application 
of  a special  preventive,  the  death-rate  from  it  has  increased 
at  all  ages  without  exception,  but  more  especially  at  those 
ages  when  it  is  most  important  for  the  general  interests  of 
society  that  life  should  be  saved. 

The  general  conditions  which  tend  to  produce  an  outbreak 
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of  small-pox  also  favour  the  development  of  scarlet  fever,  so 
that  if  a marked  increase  takes  place  in  one,  an  equally 
marked  increase  may  be  soon  expected  to  appear  in  the  other; 
and  yet,  while  scarlet  fever  has  been  favourably  influenced 
by  ordinary  means  and  treatment,  small-pox  has  not  received 
the  slightest  check,  but,  on  the  contrary,  has  gone  on 
increasing  in  fatality  in  spite  of  the  application  of  both 
ordinary  and  extraordinary  means  for  its  suppression.^ 

The  results  given  above  seem  to  indicate  clearly  that  the 
infectious  diseases,  as  a class,  have,  so  far,  been  favourably 
acted  upon  by  the  carrying  out  of  sanitary  measures,  and 
the  mortality  from  them  sensibly  reduced.  It  follows  there- 
fore that  the  total  mortality  from  diseases  of  the  non-pre- 
ventible  class  must  have  increased  to  a slightly  greater 
extent,  and  it  becomes  a matter  of  considerable  interest  and 
importance  to  ascertain  which  of  these  diseases  have  con- 
tributed to  this  increase,  and  in  what  proportions. 

An  examination  of  the  returns  soon  showed  that  consider- 


able changes  had  taken  place  in  the  mortality  from  several 
of  the  diseases  which  are  usually  regarded  as  not  being 
under  the  control  of  sanitary  officials,  and  that  while  in 
some  it  had  increased,  in  others  it  had  diminished,  though 
on  the  whole  to  a somewhat  less  extent. 


The  principal  non-preventible  diseases  which  increased  in 
fatality,  and  the  rates  of  increase  were  as  follows  : — 


Per  cent. 


Broncliitis  35 '1 

Heart  Disease  32'3 

Diarrhoea  26  '3 

Lung  Disease 24‘0 

Cancer 22’0 

Liver  Disease 18*1 

Kidney  „ 16’7 


Per  cent. 


Tahes  Mesehterica  16U 

Cephalitis  15’0 

Eheumatism  13‘5 

Brain  Disease  11*4 

Apoplexy  IM 

Premature  Birth  9’0 

Paralysis 8‘2 


The  following  are  the  principal  non-preventible  diseases 


^ Since  this  was  written  the  Registrar  General’s  Annual  Report  for 
1874  has  been  issued,  and  I find  that  the  deaths  from  scarlet  fever  rose 
from  13,144  in  1873,  to  24,922  in  1874.  This  was  a clear  indication  that 
another  outbreak  of  small  pox  was  at  hand,  and  accordingly,  in  the 
following  year,  1875,  the  epidemic  commenced  from  which  we  are  now 
suffering. 
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which  have  diminished  in  fatality,  and  their  rates  of  dimi- 


nution : — 

Per  cent. 


Dropsy  31-4 

Asthma  25 '2 

Enteritis 19’6 

Scrofula  17'2 

Pneumonia 16'6 


Per  cent. 


Hydrocephalus  11'3 

Old  Age  8‘1 

Convulsions  V’5 

Phthisis  7’1 


It  has  not  been  thought  worth  while,  for  the  present  at 


least,  to  include  in  these  lists  diseases  which  have  increased 
or  decreased  in  fatality  less  than  7 per  cent,,  or  from  which 
the  number  of  deaths  averaged  less  than  2,500  per  annum 
during  the  last  ten  years. 

An  analysis  of  the  death  returns  of  a few  of  the  more 
important  of  the  diseases  in  the  above  lists  has  yielded  the 
following  results. 

Bronchitis. 


During  the  ten  years  1854-63  the  total  number  of  deaths 
caused  by  this  disease  was  277,335,  and  in  the  following  ten 
years  it  rose  to  422,806.  We  have  then 


/422806  ioQn\iAA 
(277335  l‘1280jl00 


1-1280 


= +35-1. 


The  increase  of  the  death-rate  from  bronchitis  therefore 
amounted  to  85-1  per  cent.,  or  to  a loss  of  no  less  than 
109,972  additional  lives,  while  the  total  number  of  lives 
saved  by  the  improvement  in  the  whole  class  of  infectious 
diseases  amounted  to  only  36,995,  or  one-third  of  the  extra 
loss  from  bronchitis  alone,  so  that  while  all  the  sanitary 
improvements  of  the  last  twenty  years  may  be  regarded  as 
having  effected  a saving  of  1 life  in  every  134,  the  increased 
mortality  from  bronchitis  alone  has  resulted  in  a loss  of  1 in 
every  45.  This  great  increase  in  the  death-rate  from  bron- 
chitis is  the  more  remarkable  from  the  fact  that  it  has  been 
gradual  and  steady,  and  appears  to  have  been  but  little 
influenced  by  changes  in  the  character  of  the  seasons.  Thus 
the  mean  death-rate  during  the  five  years 

1854-58  was  1‘296 
1859-63  „ 1-528 
1864-68  „ 1-778 
1869-73  „ 2-040 
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Comparing  the  rate  during  the  last  five  years  with  that 
during  the  first  five  the  increase  is  57*4  per  cent ! 

We  have  seen  that  the  increase  in  the  mortality  from 
small-pox  was  relatively  much  less  among  infants  and  young 
children  than  among  adults ; hut  with  bronchitis  the  reverse 
of  this  took  place.  Thus  in  the  five  years  1854-58  the  deaths 
of  males  under  1 year  of  age  were  21 '2  percent  of  the  total 
deaths  at  all  ages,  and  under  5 years  3 6 3;  but  in  the  five 
years  1869-73  the  numbers  were  respectively  25*9  and  41‘2, 
It  is  remarkable  however  that  between  the  ages  of  10  and 
25  there  was  a slight  decrease,  so  that  the  curve  represent- 
ing the  variations  in  the  mortality  at  different  ages  from 
bronchitis  has  two  well  marked  maxima — one  at  ages  under 
1 year,  and  the  other  between  the  ages  of  55  and  65.  The 
increase  at  ages  under  1 year  amounted  to  497  per  cent, 
and  at  ages  between  55  and  65  it  was  35-6  per  cent.  Du- 
ring the  year  1873,  out  of  every  19  deaths  from  all  causes, 
two  were  due  to  bronchitis  alone.  In  the  7 years  1848-54 
the  proportion  was  2 deaths  from  bronchitis  out  of  every 
47  from  all  causes. 

I have  already  remarked  that  the  increased  mortality  from 
bronchitis  cannot  be  attributed  to  changes  in  the  character 
of  the  seasons.  It  is  however  due  to  some  cause  which 
affects  the  entire  population  of  the  kingdom,  both  male  and 
female,  since  I find  that  the  increase  has  been  general,  and 
not  confined  to  smoky  towns  and  manufacturing  districts, 
as  will  be  seen  from  the  following  comparison  of  the  death- 
rates  in  North  Wales  and  three  of  the  healthiest  counties  in 
England,  Westmorland  in  the  north,  and  Sussex  and  Dorset 
in  the  south,  and  in  Lancashire,  the  most  unhealthy  county. 


Mean 

Death- 

rate, 

1854—63. 

Mean 

Death- 

rate. 

1864—73. 

Increase 
per  Cent. 

Percentage 
of  Total 
Death-rate, 
1854—63. 

Percentage 
of  Total 
Death-rate, 
1864—73. 

ISTorth.  Wales  

0-690 

1-092 

58-2 

3-32 

5-13 

Westmorland 

0-845 

1-265 

49-7 

4-66 

7-18 

Sussex  

0-945 

1-269 

34-2 

4-96 

6-85 

Dorset  

1-029 

1-468 

42-6 

5-41 

8-01 

Lancashire  

2-203 

3-000 

36-1 

8-48 

10-98 
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Heart  Disease, 

This  disease  ranks  next  in  order  after  bronchitis  in  the 
rate  at  which  its  fatality  has  increased.  In  the  first  decade 
the  total  number  of  deaths  was  155,850,  and  in  the  second, 
232,566.  Allowing  for  the  increase  of  population,  these 
numbers  show  an  increase  of  no  less  than  82*8  per  cent  in 
the  death-rate.  Sixty  per  cent  of  the  deaths  occurred 
between  the  ages  of  45  and  75,  the  maximum  rate  being 
between  the  ages  of  65  and  75;  but  the  greatest  increase 
of  the  rate  took  place  between  the  ages  of  25  and  35,  and 
amounted  to  41*5  per  cent. 

Diarrhoea. 

The  total  number  of  deaths  from  this  disease  in  the  first 
ten  years  was  154,513,  and  in  the  second,  220,173.  These 
numbers  give  an  increase  of  26*3  per  cent  in  the  death-rate. 
For  males  the  increase  was  27'5  per  cent,  and  for  females, 
25*0  per  cent.  The  death-rate  of  males  under  one  year  of 
age  increased  42*5  per  cent,  and  all  under  5 years  36*0  per 
cent ; but  at  five  years  and  all  above  it  diminished  7T  per 
cent. 

Cancer. 

The  deaths  from  cancer  during  the  first  10  years  were 
65,989,  and  in  the  second  10  years  90,808,  giving  an  in- 
crease of  22-0  per  cent  in  the  death-rate.  For  males  the 
increase  in  the  rate  was  25 -5  per  cent,  and  for  females  20*4 
per  cent.  The  maximum  rate  of  increase  occurred  with 
males  between  the  ages  of  45  and  55,  and  amounted  to  31 -5 
per  cent;  and  with  females  between  the  ages  of  55  and  65, 
the  amount  being  23*3  per  cent.  For  every  100  deaths  of 
males  there  were  230 ’4  deaths  of  females  in  the  first  10 
years,  and  220*8  in  the  second  10  years. 

Cephalitis. 

This  disease  merits  attention  as  being  one  which  is 
gradually  becoming  more  fatal  to  infants  and  young  children. 
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In  the  first  10  years  it  was  the  cause  of  35,831  deaths,  and 
in  the  second  10  years  of  45,827,  the  increase  in  the  rate  oi 
mortality  being  15’0  per  cent ; but  with  male  infants  under 
1 year  of  age  it  amounted  to  32*5  per  cent;  and  for  infants 
and  young  children  under  5 years  it  was  26*1  per  cent, 
while  for  males  at  all  ages  above  15  there  was  a decrease 
of  11 ‘8  per  cent. 

The  gradual  and  steady  change  which  has  taken  place 
during  the  last  25  years  in  the  incidence  of  mortality  from 
cephalitis  upon  different  ages" will  be  seen  from  the  follow- 
ing numbers  : — In  the  7 years  1848-54  the  number  of  deaths 
under  1 year  was  14‘6  per  cent  of  the  total  number  of 
deaths  at  all  ages;  in  the  following  7 years  it  was  16 ‘8  per 
cent ; in  the  next  6 years  18*3  per  cent ; and  lastly,  in  the 
6 years  1868-73  it  was  20-1  per  cent.  The  percentages  of 
deaths  at  all  ages  under  5 years  for  these  periods  were  42*6 ; 
46'7 ; 49*4;  and  52’8. 

The  total  number  of  deaths  in  each  ten-yearly  period  from 
the  remaining  non-preventible  diseases  which  have  increased 
in  fatality  were  as  follows  : — 


10  Years, 
1854—63. 

10  Years, 
1864 — 76. 

Lung  Disease  

Liver  Disease  

Kidney  Disease 

Tabes  Mesenterica  

Ebeumatism  

Brain  Disease  

Apoplexy  ..■ 

Premature  Birth 

Paralysis  

35,390 

42,778 

21,186 

50,983 

19,840 

43,727 

87,750 

74,670 

91,697 

49,503 

57,001 

27,910 

66,789 

25,415 

54,979 

110,011 

91,851 

111,994 

468,031 

605,453 

The  average  increase  from  all  these  diseases  is  14*6  per 
cent,  which  represents  an  extra  loss  of  more  than  77,000 
lives,  or  more  than  double  the  number  saved  by  the  improve- 
ment in  the  infectious  diseases. 

Among  the  diseases  which  have  diminished  in  fatality, 
more  than  80  per  cent  of  the  total  number  of  deaths  were 
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caused  by  phthisis,  old  age,  convulsions,  and  pneumonia 
The  diminution  in  the  nnmber  of  deaths  from  old  age  will 
perhaps  be  regarded  as  an  unfavourable  result  which  is 
hardly  compensated  by  the  diminished  fatality  among 
infants  aud  young  children  from  convulsions. 

The  deaths  from  old  age  and  convulsions  in  the  10  yearly 
periods  were : — 

10  Years  1854-63.  10  Years  1864-73. 

Old  age 272,434  282,490 

Convulsions...  251,330  262,170 

Phthisis. 

The  disease  which  caused  the  greatest  number  of  deaths 
in  both  the  ten-yearly  periods  was  phthisis.  In  the  first 
ten  years  the  number  of  deaths  was  508,210,  and  in  the 
second  532,780;  but  allowing  for  the  increase  of  population 
there  was  a decrease  of  7T  per  cent  in  the  rate  of  mortality. 
This  decrease  however  was  not  equally  shared  by  the  two 
sexes,  the  decline  of  the  rate  among  males  being  only  2*4 
per  cent,  while  among  females  it  amounted  to  12*6  per  cent; 
nor  was  there  a decrease  at  all  ages,  but  on  the  contrary 
between  the  ages  of  25  and  65  there  was  an  increase  of  4*5 
per  cent.  More  than  half  the  deaths  from  phthisis  occurred 
at  ages  under  85  years;  and  more  than  45  per  cent  be- 
tween the  ages  of  15  and  35. 

Pneumonia. 

The  deaths  from  pneumonia  in  the  first  ten  years  were 
242,757,  and  in  the  second  228,069,  the  decrease  in  the 
death-rate  being  16'6  per  cent.  With  males  the  decrease 
was  15 ‘6  per  cent,  and  with  females  18*8  per  cent.  There 
was  however,  as  in  the  case  of  phthisis,  an  increase  between 
the  ages  of  25  and  65,  the  amount  being  13 ’7  per  cent.  In 
the  first  ten  years  the  deaths  under  5 years  of  age  were 
68*1  per  cent  of  the  deaths  at  all  ages;  but  in  the  second 
ten  years  the  proportion  was  reduced  to  60‘8  per  cent. 
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The  deaths  from  dropsy,  asthma,  enteritis,  scrofula,  and 
hydrocephalus  in  the  two  ten-yearly  periods  were  as  fol- 
lows : — 


10  Years, 
1854—63, 

10  Years, 
1864—73. 

Dropsy  

Asthma  

Enteritis 

Scrofula 

Hydrocephalus 

82,085 

42,907 

32,842 

30,219 

73,620 

63,485 

36,173 

29,781 

28,223 

73,652 

261,673 

231,314 

The  mean  decrease  in  the  rate  of  mortality  from  these 
diseases  was  21*6  per  cent,  which  represents  a saving  of 
63,886  lives. 

There  is  one  disease  which  owing  to  the  deaths  caused  by 
it  not  averaging  2,500  per  annum  during  the  last  ten  years 
has  not  been  included  in  the  list  of  those  which  have 
increased  in  fatality,  but  wdiich  I think  ought  not  to  pass 
without  notice.  This  is  Nephria  or  Brights’  disease.  In 
the  ten  years  1854-63  the  deaths  from  it  were  11,948;  but 
in  the  following  ten  years  they  were  23,802.  The  increase 
in  the  death-rate  from  this  cause  therefore  amounted  to  76 '6 
per  cent,,  or  more  than  double  the  rate  of  increase  of 
bronchitis. 

It  is  very  commonly  supposed  that  all  the  zymotic 
diseases  are  preventible,  or  under  the  control  of  sanitary 
authorities,  and  it  may  be  obiected  that  I have  taken  only 
the  eight  infectious  diseases  to  test  the  utility  of  the  sanitary 
measures  which  have  been  carried  out  during  the  last  20  or 
30  years.  To  meet  this  objection  it  may  be  well  to  state 
that  the  total  number  of  deaths  from  all  the  zymotic  diseases 
in  the  ten  years  1854-63  was  973,248,  and  in  the  following 
ten  years,  1,109,824.  These  numbers  give  an  increase  of 
1’08  per  cent.,  and  therefore  if  sanitary  measures  are  to  be 
tested  by  the  impression  they  make  upon  the  death-rate 
from  the  whole  class  of  zymotic  diseases  it  is  evident  that 


81 


tlie  measures  hitherto  adopted  have  entirely  failed  to  pro- 
duce any  improvement  of  the  public  health. 

The  results  which  I have  now  laid  before  the  Society, 
though  perhaps  not  so  full  and  complete  as  might  be  desired 
are,  it  seems  to  me,  quite  sufficient  to  iustify  the  following 
conclusions : — 

1.  — That  sanitary  measures,  tested  by  their  effect  on  the 
diseases  which  are  universally  admitted  to  be  infectious, 
have  produced  a,  slight  improvement  in  the  public  health 
which  is  equivalent  to  a saving  of  1 life  in  every  134,  or  a 
reduction  of  0T7  in  the  general  death-rate ; but  tested  by 
their  effect  on  the  whole  class  of  zymotic  diseases  they  have 
caused  no  improvement  whatever,  and  have  not  even  pre- 
vented an  increase  in  the  mortality  from  these  diseases 
which  is  equivalent  to  an  extra  loss  of  life  in  every  417. 

2.  — Considering  the  great  increase  in  the  fatality  of  small- 
pox when  that  from  all  other  infectious  diseases  has  di- 
minished, tliat  it  has  now  become  relatively  much  more 
prevalent  among  adults  than  at  any  time  since  vaccination 
was  introduced  ; that  the  experience  of  the  last  and  of  the 
present  epidemic  has  furnished  abundant  proof  that  vacci- 
nation does  not  now,  as  it  did  in  Tenner’s  time,  and  for 
many  years  after,  afford  an  almost  certain  protection  against 
its  attacks ; and  that  the  question  of  the  probability  of  its 
gradually  becoming  greatly  modified  and  producing  results 
that  may  be  seriously  unfavourable  to  the  public  health  has, 
apparently,  never  been  considered  and  investigated,  it  is 
desirable  that  an  authoritative  inquiry  into  the  whole  sub- 
ject should  be  at  once  set  on  foot  in  order  to  ascertain,  if 
possible,  why  vaccination  has  now  become  so  much  less  effi- 
cacious as  a preventive  of  smallpox  than  it  was  for  many 
years  after  its  general  adoption ; what  has  been  the  true 
cause  of  the  great  increase  ot  smallpox  during  the  last  15 
to  20  years ; and  why  adults  have  become  so  much  more 
liable  to  its  attacks  ? 
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3. — That  the  reduction  in  the  rate  of  mortality  from  the 
class  of  infectious  or  preventible  diseases  has  been  more 
than  counterbalanced  by  an  increase  in  the  rate  from  the 
non-preventible  class ; and  that  owing  to  the  changes  which 
have  taken  place  in  the  latter,  the  mortality  from  diseases 
which  run  their  course  rapidly,  and  cause  comparatively 
sudden  deaths,  has  greatly  increased. 
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Ordinary  Meeting,  January  9th,  1877. 


E.  W.  Binney,  F.B.S,,  F.G.S.,  President,  in  the  Chair. 

The  President  said  that  he  had  received  from  Mr.  B.  H. 
Green,  of  this  city,  more  papers  of  the  late  Mr.  George 
Walker,  one  of  the  original  members  of  this  Society,  relating 
to  the  early  importations  of  cotton  into  England. 

99.000  B.  & P.  West  India,  supposed  1601bs.  eacb. 

13,400  Bales  Turkey,  ,,  2601bs.  ,, 

112,400  Packages  of  Cotton  imported  into  Great  Britain  during  the 
- - ■ - year  1790. 

Of  wbicb  it  is  supposed  the  Manufactories  have  used  : 

lbs. 

80.000  W.  India  at  IGOlbs.  nett  each,  12,800,000  (w.  15Jd.  = £827,000 

12.000  Turkey  at  2601bs.  ,,  3,120,000  @ 10|d.  = £136,500 


92,000  B.  & P.  used.  15,920,000  = £963,500 


15,920,000  lbs.  @ 6s.  8d.  = £5,310,000 — Sterling  when  made  into  Cloth  and 
finished  for  sale. 

£5,310,000 

963,500 

£4,346,500  Wages  and  profit. 


The  profit  realised  by  the  manufacture  in  those  days 
appears  to  have  been  very  considerable,  and  no  cotton  is 
described  as  coming  from  the  United  States. 

Another  table  of  the  importations  into  Liverpool  in  the 
year  1812  and  the  six  preceding  years  Mr.  Walker  gives  as 
from  Mr.  Aspinwall,  and  is  as  follows. 

Proceedings — Lit.  & Phil.  Soc. — Vol*  XVI. — No.  7. — Session  1876*7. 
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The  total  imports  into  Liverpool  for  seven  years  is 
1;366,309  packages,  making  an  average  of  195,184  packages 
per  year;  or  3,753  packages  per  week.  The  total  imports 
into  the  Kingdom  for  the  last  four  yea.rs  runs,  for  1809, 
434,560  packages;  1810,  56,090;  for  1811,  321,250;  and 
for  1812,  258,620  packages.  Total,  1,574,520,  averaging 
393,630  packages  per  year,  or  7,570  packages  per  week. 

April  24th.  The  ship  Tobin  arrived  at  Liverpool  from 
Bahia  with  4,296  bags  of  cotton. 

From  this  table  it  appears  that  from  the  years  1806  to 
1812  American  cotton  had  been  imported  in  large  quantities. 

“On  the  Poisonous  Properties  of  Yew-leaves,”  by  James 
Bottomley,  D.Sc. 

In  the  Field  for  December  23rd  is  a letter  from  Professor 
B.  V.  Tuson,  relative  to  the  poisonous  action  of  yew-leaves 
on  pheasants.  At  the  end  of  his  letter  he  promises  to  make 
an  examination  of  the  toxic  properties  of  this  tree,  which 
up  to  the  present  time  do  not  seem  to  hawe  been  fairly  in- 
vestigated. In  November,  1871,  a similar  case  came  under 
my  notice.  A number  of  pheasants  were  found  dead  on  the 
estate  of  Mr.  Baring,  in  Hampshire.  Four  of  the  birds 
were  sent  to  me  for  examination.  Three  of  them  contained 
in  their  craws  considerable  quantities  of  yew-leaves  along 
with  grain.  The  craw  of  the  fourth  bird  contained  neither 
grain  nor  yew ; there  was  only  a little  mucus,  distended 
with  bubbles  of  air.  The  yew  had  no  doubt  passed  into 
the  alimentary  canal  and  could  not  be  very  distinctly  recog- 
nised. In  the  course  of  the  investigation  I found  that  apart 
from  botanical  characteristics  the  yew  could  yield  well 
marked  chemical  reactions.  It  became  necessary  to  subject 
yew -leaves  to  the  same  process  as  would  be  used  to  separate 
strychnine  from  animal  tissue,  the  ethereal  extract  finally 
obtained  having  been  evaporated  to  drive  off  the  ether. 
There  remained  on  the  evaporating  basin  a thin  varnish-like 
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residue  which  was  very  hitter  to  the  taste.  When  treated 
with  cold  nitric  acid  this  residue  assumed  a dark  blue  colour 
like  indigo.  Upon  the  application  of  heat  the  colour  dis- 
appeared. 

“ On  the  Luminous  Sulphides  of  M.  Ed.  Becquerel,”  by 
William  Thomson,  F.RS.E. 

My  object  in  bringing  this  communication  before  the 
society  is  to  shew  what  I consider  to  he  some  most 
interesting  substances,  viz.,  the  Sulphides,  principally  of 
the  Alkaline  Earths,  the  luminous  properties  of  which  were 
studied  many  years  ago  by  M.  Edmond  Becquerel  and 
others.  These  samples  which  I have  I received  some  time 
ago  when  in  Paris  through  my  friend  M.  Auguste  Guerout, 
Preparateur  au  Museum  d’Histoii'e  Naturelle.  They  were 
prepared  by  M.  Andre,  the  laboratory  assistant  of  M.  Ed. 
Becquerel,  who  has  devoted  much  attention  to  the  pecu- 
liarities of  manipulation  required  to  produce  the  greatest 
degree  of  luminosity  in  the  sulphides  after  holding  them 
for  a few  seconds  before  the  sun’s  light  or  a piece  of  burn- 
ing magnesium  wire  or  other  source  of  light  and  then 
placing  them  in  the  dark ; doubtless  many  present  will  be 
familiar  with  the  results  arrived  at  by  Becquerel  and  others, 
but  a short  resume  of  some  of  them  may  not  be  out  of 
place  here. 

When  these  sulphides,  which  must  be  kept  in  hermetically 
sealed  tubes  to  prevent  oxidation,  are  exposed  to  the  rays 
at  different  parts  of  the  spectrum,  these  rays  have  very 
different  actions  in  rendering  the  sulphides  luminous,  and 
also  in  some  cases  of  producing  slightly  different  shades  of 
colour.  The  visible  part  of  the  spectrum  has  little  or  no 
power  to  render  these  bodies  phosphorescent,  the  violet 
part,  however,  has  greatest  action,  and  the  ultra-violet  rays 
produce  the  maximum  effect.  M.  Becquerel  found  then,  in 
these  sulphides,  an  interesting  method  of  examining  the 
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invisible  parts  of  the  spectrum,  which  furnished  an  addition 
to  those  employed,  viz.,  the  thermometer,  silver  compounds, 
etc. ; these  sulphides  may  be  compared  to  chords  which  have 
the  power  of  absorbing  vibrations  whose  wave-lengths  are 
too  small  to  affect  the  organs  of  hearing — too  shrill  to  be 
heard — and  of  changing  them  into  vibrations  of  greater 
wave-lengths  and  emitting  them,  so  that  they  may  be  dis- 
tinctly heard. 

When  these  sulphides  are  held  before  some  source  of 
light,  the  sun’s  rays  for  instance,  and  then  placed  in  a 
dark  room,  they  gradually,  after  many  hours,  lose  their 
phosphorescence — if,  however,  they  be  then  heated  a few 
degrees  above  the  temperature  at  which  they  have  remained, 
say  from  60°  to  80°  Fah.,  they  again  become  faintly 
luminous,  and  if  kept  for  some  time  at  that  temperature 
they  gradually  lose  their  phosphorescence  again,  if  allowed 
then  to  cool  in  the  dark  to  60°  Fah.,  and  again  heated  to 
the  same  temperature  they  show  no  phosphorescence,  but  if 
heated  to  a still  higher  degree  of  temperature,  say  100°  Fah., 
they  again  become  luminous,  and  so  on ; this  power  may  be 
regained  and  lost  any  number  of  times  by  placing  them  for  a 
few  seconds  before  any  bright  source  of  light  and  then  re- 
moving them  to  a dark  room — an  electric  current  from  a 
Ruhmcoff’s  coil  passed  through  vacuum  tubes  containing 
these  sulphides  also  developes  their  different  colours. 

The  interesting  point  with  respect  to  the  sulphides  which 
I show  here  this  evening,  is  that  they  have  been  prepared 
by  a special  mode  of  manipulation  by  M.  Andrd,  and  that 
the  luminosity  or  phosphorescence  culpable  of  being  pro- 
duced by  them  is  greater  than  that  from  any  which  hitherto 
have  been  prepared. 

The  following  gives  the  compositions  of  the  different 
sulphides  which  show  the  differently- coloured  phospho- 
rescences : — 

Green  is  composed  of  sulphide  of  calcium. 


Orange  is  composed  of  sulphide  of  calcium  which  has 
been  heated  with  1 or  2 per  cent  of  binoxide  of  manganese. 

The  lime  for  the  preparation  of  the  above-mentioned  two 
colours  was  produced  by  the  calcination  of  oyster  shells. 

An  orange -coloured  phosplioi  escence  is  also  produced  by 
sulphide  of  barium. 

Blue  and  Violet  are  each  sulphides  of  calcium  which  have 
been  prepared  from  precipitated  carbonate  of  lime. 

Yelloivish  Green  is  simply  sulphide  of  strontium. 

Telloiu  is  sulphide  of  strontium  which  has  been  calcined 
with  4 or  5 per  cent  of  sulphide  of  antimony. 

“ On  the  t}^pes  of  Compound  Statement  involving  four 
Classes/’  by  Professor  W.  K.  Clifford,  M.A.,  F.R.S.  Com- 
municated by  Professor  W.  S.  Jevons,  M.A.,  F.RS. 

Professor  Stanley  Jevons  has  enumerated^  the  types  of 
compound  statement  involving  three  classes,  among  which  the 
premises  of  a syllogism  appear  as  a type  of  four-fold  statement. 
He  propounded  at  the  same  time  the  corresponding  problem 
of  enumeration  for  four  classes,  which  is  solved  in  the  present 
communication.  The  reader  is  referred  to  the  paper  or  the 
book  just  mentioned  for  further  explanation  of  the  nature 
and  purpose  of  the  problem  than  is  to  be  found  in  Aid.  1. 
It  may  however  be  premised  that  the  letters  A,  B,  C,  I), 
denote  four  classes  or  terms  (for  example  hard,  wet,  black, 
nice),  and  that  according  to  a convenient  notation  of  De 
Morgan’s,  the  small  letters,  a,  h,  c,  d denote  the  complement- 
ary classes  or  contrary  terms  (not  hard,  not  wet,  not  black, 
not  nice).  A simple  statement  is  of  the  form  ABCD=0. 
(no  liard,  wet,  black,  nice  things  exist,  or,  which  is  the  same 
thing,  all  hard,  wet,  black  things  are  nasty).  The  statement 
ABC  = 0 (no  hard,  wet,  black  things  exist,  or  all  hard,  black 

* Proceedings  of  the  Manchester  Phil.  Soc.  vol.  vi.  pp.  63 — 68,  and 
Memoirs,  Third  Series,  vol.  r.  pp,  119 — 130. 

The  Principles  of  Science,  vol.  i.  pp.  lol — 164, 


things  are  dry)  is  to  be  regarded  as  made  up  of  these  two 
ABCD  = 0,  ABCcl=0  (no  hard,  wet,  black,  nice  things  exist 
and  no  liard,  wet,  black,  nasty  things  exist)  and  so  is  called 
a compound  (in  this  case  a two-fold)  statement.  The 
notion  of  types  is  defined  in  Art  1. 

1.  Four  classes,  or  terms,  A,B,C,D,  give  rise  to  sixteen 
cross-divisions  or  marks,  such  as  AhQd.  A denial  of  the 
existence  of  one  of  these  cross-divisions,  or  of  anything 
having  its  mark  (such  as  A5Cc?  = 0),  is  called  a simple  state- 
ment. A denial  of  two  or  more  cross-divisions  is  called  a 
compound  statement,  and  moreover  two-fold,  three-fold, 
etc.,  according  to  the  number  denied. 

When  two  compound  statements  can  be  converted  into 
one  another  by  interchange  of  the  classes  A,B,C,D  with 
each  other  or  with  their  complementary  classes  a,h,c,d,  they 
are  called  similar ; and  all  similar  statements  are  said  to 
belong  to  the  same  type.  The  problem  before  us  is  to  enu- 
merate all  the  types  of  compound  statement  that  can  be 
made  with  four  terms. 

2.  Two  statements  are  called  comp)lementary  when  they 
deny  between  them  all  the  sixteen  marks  without  both 
denying  any  mark ; or,  which  is  the  same  thing,  when 
each  denies  just  those  marks  which  the  other  permits  to 
exist.  It  is  obvious  that  when  two  statements  are  similar, 
the  complementary  statements  will  also  be  similar;  and, 
consequently,  for  every  type  of  71-fold  statement  there  is  a 
complementary  type  of  16 — 7i-fold  statement.  It  follows 
that  we  need  only  enumerate  the  types  as  far  as  the  eighth 
order  ; for  the  types  of  more-than-eight-fold  statement  will 
already  have  been  given  as  complementary  to  types  of  lower 
orders.  Every  eight-fold  statement  is  complementary  to  an 
eight-fold  statement ; but  these  are  not  necessarily  of  the 
same  type. 

8.  One  mark  ABCD  may  be  converted  into  another  AhQd 
by  interchanging  one  or  more  of  the  classes  A,B,C,D  with  its 
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complementary  class.  The  number  of  such  changes  is  called 
the  distance  of  the  two  marks.  Thus  in  the  example  given 
the  distance  is  2.  In  two  similar  compound  statements 
the  distances  of  the  marks  denied  must  be  the  same ; but 
it  does  not  follow  that  when  all  the  distances  are  the  same, 
the  two  statements  are  similar.  There  is,  however,  as  we 
shall  see,  only  one  example  of  two  dissimilar  statements 
having  the  same  distances.  When  the  distance  is  4,  the  two 
marks  are  said  to  be  obverse  to  one  another,  and  the  state- 
ments denying  them  are  called  obverse  statements;  as 
ABCD,  abed;  or,  again,  AhQd,  aBcD.  When  any  one 
mark  is  given  (called  the  origin),  all  the  others  may  be 
grouped  in  respect  of  their  relations  to  it  as  follows.  Four 
are  at  distance  one  from  it,  and  may  be  called  proximates ; 
six  are  at  distance  tivo,  and  may  be  called  mediates ; four 
are  at  distance  three,  and  may  be  called  ultimates.  Finally, 
the  obverse  is  at  distance  four. 


aBCD 


ABCc? ABCD A&CD 


ahCD 


ABcD 


Abed 


abcD——od)cd dBcd 


ahCd 


origin  and  4 proximates.  fi  mediates.  obverse  and  4 ultimates. 
It  will  be  seen  from  the  above  table  that  the  four  proxi- 
mates are  respectively  obverse  to  the  four  ultimates,  and 
that  the  mediates  form  three  pairs  of  obverses.  Every 
proximate  or  ultimate  is  distant  I and  8 respectively  from 
such  a pair  of  mediates.  Thus  each  proximate  or  ultimate 
divides  the  mediates  into  two  classes ; three  of  them  are  at 
distance  1 from  it,  and  three  at  distance  3.  Two  mediates 
which  are  not  obverse  are  at  distance  2.  Two  proximates, 
or  two  ultimates,  or  an  ultimate  and  a proximate  which  are 
not  obverse,  are  also  at  distance  2. 

This  view  of  the  mutual  relations  of  the  marks  is  the  basis 
of  the  following  enumeration  of  types. 
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4.  There  is  clearly  only  one  type  of  simple  statement. 
But  of  two-fold  statements  there  are  four  types ; viz.  the 
distance  may  he  1,  2,  3,  or  4,  and  so  in  general  with  n 
classes  there  are  n types  of  two-fold  statement. 

5.  A compound  statement  containing  no  pair  of  obverses 
is  called  'pure.  In  a three-fold  statement  there  are  three 
distances ; one  of  these  must  be  not  less  than  either  of  the 
others.  If  this  be  2,  the  remaining  mark  must  be  at  odd 
distance  from  both  of  these  or  at  even  distance  from  both ; 
thus  we  get  the  types  1,  1,  2,  and  2,  2,  2.  If  the  not-less 
distance  be  3,  the  remaining  distances  must  be  one  even  and 
the  other  odd ; the  even  distance  must  be  2,  the  odd  one 
either  1 or  3,  and  the  types  are  1,  2,  3 ; 2,  3,  3.  Thus  there 
are  4 pure  three-fold  types ; with  a pair  of  obverses,  the  re- 
maining mark  must  be  at  odd  or  even  distance  from  them ; 
1,  3,  4 ; 2,  2,  4.  In  all  six  three-fold  types ; observe  that 
there  is  necessarily  one  even  distance. 

6.  A fortiori,  in  a four-fold  statement  there  must  be 
one  even  distance.  In  a pure  four-fold  statement  this  dis- 
tance is  2.  From  this  pair  of  marks  let  both  the  others  be 
oddty  distant ; then  they  must  be  evenly  distant  from  one 
another,  i.e.  at  distance  2,  obverses  being  excluded.  The 
odd  distances  are  1 or  3,  and  it  will  be  easily  seen  that  the 
following  are  all  the  possible  cases : 

ijl  1|1  ill  l\3  113  313 

1|1  113  3|3  3|1  3|3  3|3 

• ••••* 

In  these  figures  the  dots  indicate  the  four  marks,  the  cross 
lines  indicate  distance  2,  and  the  other  figures  the  distances 
between  the  marks  on  either  side  of  them.  Next,  from  the 
pair  of  marks  at  distance  2 let  one  of  the  others  at  least  be 
evenly  distant,  i.e.  at  distance  2.  Then  we  have  three 
marks  which  are  all  at  distance  2 from  one  another,  and  it 
is  easy  to  show  that  they  are  all  proximates  of  a certain 
other  mark.  For  select  one  of  them  as  origin;  then  the 


other  two  are  mediates  which  are  not  obverse,  and  which 
consequently  are  at  distance  1 from  some  one  proximate. 
With  this  proximate  as  origin,  therefore,  all  three  are  proxi- 
mates.  We  have  therefore  only  to  enquire  what  different 
relations  the  fourth  mark  can  bear  to  these  three.  It  may 
be  the  origin,  its  obverse,  the  remaining  proximate,  its  ob- 
verse, or  one  of  two  kinds  of  mediates,  viz.  at  distance  1 or  3 
from  the  remaining  proximate.  Thus  we  liave  6 types,  in 
which  the  distances  of  the  fourth  mark  from  the  triad  are 
respectively  111,  333,  222,  222,  133,  113.  The  third  and 
fourth  of  these  are  especially  interesting,  as  being  distinct 
types  with  the  same  set  of  distances;  I call  them  pToper 
and  improper  groups  respectively,  viz.  a proper  group  is 
the  four  proximates  of  any  origin,  an  improper  group  is 
three  proximates  with  the  obverse  of  the  fourth.  On  the 
whole  we  get  12  types  of  pure  four-fold  statement. 

7.  In  a four-fold  statement  with  one  pair  of  obverses, 

take  one  of  them  for  origin ; the  remaining  two  marks  must 
then  be  either  a pair  of  proximates  or  ultimates,  a proxi- 
mate and  an  ultimate,  a pair  of  mediates,  or  a proximate  or 
ultimate  with  one  of  two  kinds  of  mediate ; in  all  5 types, 
with  the  distances  18^13 ; 13',31;  22^22  13^,22;  13^22. 

With  two  pair  of  obverses,  they  must  be  either  at  odd  or 
even  distances  from  one  another;  two  types.  Altogether 
12-l-5-f-2=:19  four-fold  types. 

8.  In  a pure  five^fold  statement  there  is  always  a triad 
of  marks  at  distance  2 from  one  another.  For  there  is  a 
pair  evenly  distant ; if  there  is  not  another  mark  evenly 
distant  from  these,  the  remaining  three  are  aU  oddly  dis- 
tant, and  therefore  evenly  distant  from  one  another.  First 
then  let  the  remaining  two  marks  be  both  oddly  distant 
from  the  triad.  In  regard  to  the  origin  of  which  these  are 
proximates,  the  two  to  be  added  must  be  either  two 
mediates,  like  (of  two  kinds)  or  unlike,  or  a mediate  of 
either  kind  with  the  origin  or  the  obverse ; 7 t}q)es,  Next, 
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if  one  of  the  two  marks  be  evenly  distant  from  the  triad,  it 
must  form  with  the  triad  either  a proper  or  an  improper 
group  of  four.  To  a proper  group  we  may  add  the  origin, 
tlie  obverse,  or  a mediate ; to  an  improper  group,  the  origin 
or  the  obverse  (the  mediates  give  no  new  type),  5 types,  or 
in  all  12  pure  five-fold  types. 

9.  In  a five-fold  statement  with  one  pair  of  obverses,  there 
must  be  another  pair  of  marks  at  distance  2.  We  have, 
therefore,  to  add  one  mark  to  each  of  the  following  three 
types  of  fourfold  statement ; a pair  of  obverses  together 
with  (1)  two  proxi  mates,  (2)  a proximate  and  an  ultimate^ 
(3)  two  mediates.  To  the  first  we  may  add  another  proxi- 
mate, an  ultimate,  or  a mediate  of  3 kinds,  viz.,  at  distances 
11,  13,  33  from  the  two  proximates ; 5 types.  To  the  second, 
if  we  add  a proximate  or  an  ultimate,  we  fall  back  on  one 
of  the  previous  cases ; but  there  are  again  three  kinds  of 
mediates,  at  distances  11,  33,  13  from  the  proximate  and 
ultimate;  3 types.  To  the  third  we  may  add  another 
mediate,  whereby  the  type  becomes  a proper  group  together 
with  the  obverse  of  one  of  its  marks,  which  is  the  same 
thing  as  an  improper  group  together  with  the  obverse  of 
one  of  its  marks ; or  a proximate  or  ultimate,  which  are  of 
3 kinds,  at  distances  11,  13,  33  from  the  two  mediates;  4 
types.  Thus  there  are  12  five-fold  types  with  one  pair  of 
obverses.  With  two  pairs  of  obverses  at  odd  distances  there 
is  only  one  type,  all  the  remaining  marks  being  similarly 
related  to  them ; at  even  distance,  the  remaining  mark 
maybe  evenly  or  oddly  distant  from  them;  2 types.  On 
the  whole  we  have  12-M2-f-3  = 27  types  of  five-fold  state- 
ment. 

It  is  to  be  remarked  that  there  is  no  pure  five-fold  state- 
ment in  which  all  the  distances  are  even ; and  that  if  there 
is  only  one  pair  of  obverses  with  all  the  distances  even,  the 
type  is  a proper  group  together  with  the  obverse  of  one  of 
its  marks. 


94 


10.  We  may  now  prove  as  a consequence  of  the  last 
remark  that  a pure  sixfold  statement  either  contains  a 
group  of  four  with  a pair  oddly  distant  from  it  or  consists 
of  two  triads  oddly  distant  from  one  another.  For  there 
must  be  a pair  at  distance  2 ; if  the  other  four  are  all  oddly 
distant  from  these,  they  form  a group ; if  one  is  evenly  dis- 
tant and  three  oddly  distant,  we  have  the  case  of  the  two 
triads ; if  two  are  evenly  distant,  we  again  have  a group. 
We  must  add  then  first  to  a proper  group  and  then  to  an 
improper  group  a pair  oddly  distant  from  it.  To  a proper 
group,  consisting  of  the  proximates  to  a certain  origin,  we 
may  add  the  origin  or  its  obverse  with  a mediate,  or  two 
mediates;  S types.  An  improper  group  is  symmetrical; 
that  is  to  say,  if  we  substitute  for  any  one  of  its  marks  the 
obverse  of  that  mark,  we  shall  obtain  a proper  group.  In 
this  way  we  shall  get  four  origins,  distant  1113  from  the 
group,  and  four  obverses  distant  1333 ; if  we  add  to  these 
the  obverses  of  the  marks  in  the  group  itself,  we  have  de- 
scribed the  relation  of  the  twelve  remaining  marks  to  the 
group.  To  form  therefore  a pure  six-fold  statement  we  may 
add  either  two  origins  or  two  obverses  or  an  origin  and  an 
obverse ; 3 types. 

In  the  case  of  the  two  triads,  since  they  are  oddly  distant 
from  one  another  their  origins  must  be  oddly  distant,  that 
is,  they  must  be  distant  either  1 or  3.  If  they  are  distant 
1,  neither,  both,  or  one  of  the  origins  may  appear  in  the 
statement ; if  they  are  distant  3,  neither,  both,  or  one  of  the 
obverses;  6 types.  Thus  we  obtain  12  types  of  purely  six- 
fold statement. 

11.  If  a six-fold  statement  contains  one  pair  of  obverses, 
the  remaining  four  marks  cannot  all  be  evenly  distant  from 
this  pair.  For  in  that  case  they  would  constitute  a group ; 
and  it  is  easy  to  see  that  the  marks  evenly  distant  from  a 
group,  whether  proper  or  improper,  do  not  contain  a pair  of 
obverses.  W e have  therefore  only  these  four  cases  to  consider : 
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(1)  the  four  marks  are  all  oddly  distant  from  the  obverses ; 

(2)  one  is  evenly  distant  and  three  oddly  distant ; 

(3)  two  are  evenly  distant  and  two  oddly ; 

(4)  three  a,re  evenly  distant  and  one  oddly. 

In  the  first  case  the  four  marks  form  a group.  If  this  is  a 
proper  group,  the  pair  of  obverses  must  be  either  the  origin 
and  obverse  of  the  group,  or  a pair  of  mediates;  2 types. 
If  the  group  is  improper,  the  pair  must  be  an  origin  and  an 
obverse;  1 type.  In  the  second  case,  we  have  an  origin, 
an  obverse,  and  a mediate,  to  which  we  must  add  3 marks 
taken  out  of  the  proximates  and  ultimates.  We  may  add  3 
proximates  distant  respectively  118  or  133  from  the  mediate ; 

2 types,  or  2 proximates  distant  respectively  11,  13,33  from 
the  mediate  and  with  each  of  these  combinations  an 
ultimate  distant  either  1 or  3;  6 types.  To  interchange 
proximates  with  ultimates  clearly  makes  no  difference ; so 
that  in  reckoning  the  cases  of  1 proximate  and  2 ultimates  or 

3 ultimates,  we  should  find  no  new  types.  In  the  third  case 
we  have  an  origin  an  obverse  and  two  mediates,  distant  2 
from  each  other,  and  to  these  we  have  to  add  either  two 
proximates  or  a proximate  and  an  ultimate.  The  two  proxi-* 
maTes  may  be  distant  from  the  two  mediates  11, 13,  or  11,  33, 
or  13,  13,  or  13,  83;  4 types.  The  proximate  and  ultimate 
must  not  be  respectively  distant  11,  33,  or  33,  11,  for  then 
they  would  form  a pair  of  obverses;  there  remain  the 
cases  11  with  11  or  13,  13  with  13,  and  33  with  13  or  33; 
5 types.  In  the  fourth  case  we  have  an  origin  obverse  and 
3 mediates  distant  2 from  one  another ; the  remaining  mark 
must  be  distant  either  one  or  three  from  these  mediates ; 2 
types.  This  makes  22  types  of  six -fold  statement  with  1 
pair  of  obverses. 

12.  If  a six-fold  statement  contain  two  pairs  of  obverses 
these  must  be  either  evenly  or  oddly  distant.  If  they  are 
evenly  distant,  we  have  an  origin  obverse  and  two  obverse 
mediates,  to  which  two  other  marks  are  to  be  added.  These 
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may  be  both  evenly  distant;  taking  one  of  them  as  origin, 
it  is  associated  with  5 mediates,  so  that  there  is  one  type 
only.  Or  both  oddly  distant;  here  there  are  two  cases, 
according  as  the  distances  are  11,  33  or  13, 13.  Or  one  oddly 
and  one  evenly  distant;  the  latter  is  any  one  of  the  four 
remaining  mediates,  and  then  the  former  is  distant  1 or  3 
from  it ; 2 types.  If  the  two  pairs  of  obverses  be  oddly  dis- 
tant, they  form  an  aggregate  which  is  related  in  the  same 
way  to  all  the  remaining  12  marks;  viz.  any  one  of  these 
being  taken  as  origin,  we  have  a pair  of  mediates  and  a 
proximate  with  its  obverse  ultimate.  The  thing  to  be 
considered,  therefore,  is  the  distance  between  the  two  marks 
to  be  added,  which  may  be  1,  2 or  3,  and  each  in  two  ways; 
6 types. 

A six-fold  statement  with  3 pairs  of  obverses  is  one  of  two 
types  only;  viz.  these  are  all  evenly  distant,  when  they  are 
the  mediates  to  one  origin,  or  two  evenly  distant  and  one 
oddly  distant  from  both  of  them. 

13.  A pure  seven-fold  statement  must  consist  of  a group 
and  a triad ; for  it  must  contain  a triad,  by  the  same  reason- 
ing by  which  this  was  proved  for  a five-fold  statement,  and 
then  either  all  the  other  four  marks  are  oddly  distant  from 
this,  and  so  form  a group  by  themselves;  or  else  one  of 
them  is  evenly  distant  from  the  triad  and  so  forms  a group 
with  it.  If  the  group  is  proper,  being  the  proximates  to  a 
certain  origin,  the  triad  must  consist  of  two  mediates  and 
either  the  origin,  the  obverse  or  another  mediate,  and  in  the 
latter  case  the  3 mediates  are  distant  111  or  333  from  some 
proximate ; 4 types.  If  the  group  is  improper,  the  triad  is 
either  all  origins  or  all  obverses  or  two  origins  and  an  obverse 
or  an  origin  and  two  obverses ; 4 types.  In  all  8 types  of 
pure  seven-fold  statement. 

14.  A seven-fold  statement  with  one  pair  of  obverses  must 
consist  either  of  four  marks  evenly  distant  from  one  another 
and  three  oddly  distant  from  them ; or  of  five  marks  evenly 
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distant  from  one  another  and  two  oddly  distant  from 
them.  In  the  former  case  the  pair  of  obverses  may  be 
in  the  four  or  in  the  three.  If  they  are  in  the  four,  the 
three  form  a triad  which  are  proximates  to  one  origin, 
and  then  the  pair  may  be  the  origin  and  obverse  or  a pair 
of  mediates.  If  the  pair  are  origin  and  obverse,  the  other 
two  (at  distance  2)  are  mediates,  distance  11,  13  or  33  from 
the  proximate  which  is  not  in  the  triad ; if  the  pair  are 
mediates,  the  two  may  be  the  origin  or  obverse  with  a 
mediate  distance  1 or  3 from  that  proximate  (4  types)  or  two 
mediates  distant  11,  13,  33  from  it  (3  types).  If  the  pair  of 
obverses  are  in  the  set  of  three  marks  the  four  form  a group, 
which  may  be  proper  or  improper.  If  proper  the  three  may 
be  origin  and  obverse  with  a mediate,  or  a pair  of  mediates 
with  origin,  obverse,  or  another  mediate ; 4 types.  If 
improper,  the  three  must  be  two  origins  and  an  obverse  or 
an  origin  and  two  obverses ; 3 types. 

Five  marks  evenly  distant  containing  only  one  pair  of 
obverses,  must  be  a proper  group  with  the  obverse  of  one  of 
its  marks;  see  end  of  art.  9.  To  these  we  may  add  the 
origin  or  obverse  of  the  proper  group  with  a mediate  distant 
1 or  3 from  the  extra  mark,  or  else  two  mediates  distant  11, 
13  or  33  from  that  mark;  7 types. 

1 5.  A seven -fold  statement  with  two  pairs  of  obverses  may 
have  six  marks  evenly  distant  from  one  another  and  one 
oddly  distant  from  them ; in  this  case  the  six  are  an  origin 
and  five  mediates  in  two  different  ways,  or  say  two  pairs  and 
a two;  the  remaining  mark  may  be  distant  11,  13  or  33 
from  the  two,  which  gives  3 types. 

Otherwise  the  seven-fold  statement  must  subdivide  (as  in 
the  last  case)  into  five  and  two  or  into  four  and  three.  If 
it  subdivide  into  five  and  two,  the  two  may  be  a pair  or 
not.  In  the  first  case  we  have  a proper  group  and  the 
obverse  of  one  of  its  marks,  together  with  the  origin  and 
obverse  of  the  group  or  a pair  of  mediates ; two  types.  In 
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the  second  case  we  have  five  mediates  of  an  origin  or  its 
obverse,  to  which  we  may  add  2 proximates  distant  11,  13 
or  33  from  the  odd  mediate,  or  a proximate  and  an  ultimate 
distant  11,  13  or  33  respectively  from  the  odd  mediate;  6 
types. 

If  the  seven»fold  statement  subdivide  into  four  and  three, 
the  two  pairs  may  be  both  in  the  four,  or  one  in  the  four 
and  one  in  the  three.  In  the  former  case  we  have  a triad, 
to  which  may  be  added  the  origin  and  obverse  and  a pair  of 
mediates,  or  two  pairs  of  mediates  ; two  types.  In  the  latter 
case  the  four  consist  of  an  origin  and  obverse  and  two 
mediates ; we  must  add  a pair  consisting  of  a proximate  and 

an  ultimate,  which  may  be  distant  11,  33  or  13,  13  from 

*• 

the  two  mediates,  and  then  another  proximate  or  ultimate 
which  may  be  distant  11,  13,  or  33  from  the  two  mediates ; 
6 types. 

16.  Three  pairs  of  obverses  in  a seven-fold  statement  may 
be  all  evenly  distant,  or  two  evenly  aud  the  other  pair 
oddly  distant  from  each.  If  they  are  all  evenly  distant 
they  are  the  mediates  to  a certain  origin  or  its  obverse,  and 
the  seventh  mark  may  be  the  origin  or  a proximate,  2 types. 
In  the  other  case  we  have  an  origin  obverse  and  pair  of 
mediates  together  with  a proximate  and  its  obverse  ultimate ; 
we  may  add  a proximate  or  a mediate,  2 types. 

17.  A pure  eight-fold  statement  must  consist  of  two 
groups,  either  both  proper  or  both  improper,  or  one  of  each. 
Two  proper  groups  may  have  their  origins  distant  1 or  3 ; 
two  types.  To  an  improper  group  we  may  add  a proper 
group  made  of  one  origin  and  three  obverses,  or  of  three 
origins  and  one  obverse ; or  an  improper  group  made  of 
four  origins  or  four  obverses,  or  two  origins  and  two 
obverses;  five  types;  altogether  there  are  seven  types  of 
pure  eight-fold  statement. 

18.  An  eight-fold  statement  with  one  pair  of  obverses 
must  subdivide  into  four  and  four,  or  into  five  and  three. 
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In  the  former  case  we  have  a pair  of  obverses,  viz.  an  origin 
and  its  obverse,  and  two  mediates ; to  which  we  must  add 
a group  formed  out  of  the  proximates  and  ultimates.  This 
group  may  be  proper,  one  type,  or  improper,  the  mediates 
being  in  regard  to  it  two  origins,  two  obverses,  or  an  origin 
and  an  obverse ; three  types.  In  the  latter  case  the  five  marks 
must  be  a proper  group  with  the  obverse  of  one  mark,  to 
which  we  must  add  a triad  made  out  of  the  origin,  obverse 
and  mediates  of  the  group.  This  triad  may  be  the  origin  or 
obverse  together  with  two  mediates  distant  11,  13,  83  from 
the  ultimate,  six  types ; or  else  it  may  be  three  mediates  dis- 
tant 111,  113,  133,333  from  the  ultimate;  four  types. 

19.  An  eight-fold  statement  with  two  pairs  of  obverses 
must  subdivide  into  four  and  four,  or  into  five  and  three,  or 
into  six  and  two.  In  the  first  case  the  two  pairs  of  obverses 
may  be  evenly  distant,  when  the  remaining  marks  form  a 
group  either  proper,  with  its  origin,  obverse  and  pair  of 
mediates,  or  two  pair  of  mediates,  or  else  improper,  3 types; 
or  oddly  distant,  when  the  remainder  form  one  of  the  6 pure 
four-fold  statements  enumerated  art.  6.  Two  marks  distant 
2 from  each  other  may  be  distant  11,  33  or  13,  13  from  the 
pair  of  obverses  which  is  oddly  distant  from  them ; thus 
each  of  the  6 four-fold  statements  gives  8 types  of  eight-fold 
statement,  except  the  third,  which  gives  4;  in  all  19.  In 
the  second  case  the  three  may  be  a triad,  or  may  contain  a 
pair  of  obverses.  If  it  is  a triad,  the  five  are  mediates  to 
one  origin  and  its  obverse,  and  we  may  add  three  proxi- 
mates distant  113  or  133  or  two  proximates  distant  11,  13 
or  33  with  an  ultimate  distant  respectively  1,  1 or  3,  3,  from 
the  odd  mediate,  6 types.  If  the  three  contain  a pair  of  ob- 
verses,the  five  make  a proper  groupwith  obverse  of  one  mark; 
to  this  we  may  add  the  origin  and  obverse  of  the  group  with 
mediate  distant  1 or  3 from  the  ultimate,  or  a pair  of  obverse 
mediates  with  a mediate  distant  1 or  3 as  before,  4 types.  In 
the  third  case  the  six  must  be  an  origin  and  five  mediates,  and 
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we  may  add  two  proximates  distant  11,  13,  33  from,  the  odd 
mediate,  or  a proximate  and  an  ultimate,  or  two  ultimates, 
distant  as  before,  9 types. 

20.  In  an  eight-fold  statement  with  three  pairs  of  obverses 
these  may  be  either  all  evenly  distant,  or  two  of  them 
evenly  distant  and  the  other  oddly  distant  from  both.  In 
the  first  case  they  are  mediates  to  a certain  origin  and  its 
obverse,  and  we  may  add  the  origin  with  a proximate  or 
ultimate,  two  proximates,  or  a proximate  and  ultimate,  4 
types.  In  the  second  case  take  the  oddly  distant  pair  for 
origin  and  obverse,  then  these  are  associated  with  two  proxi- 
mates and  their  obverse  ultimates,  and  we  may  add  the  two 
other  proximates,  a proximate  and  an  ultimate,  a proxi- 
mate and  a mediate  (distant  11,  13,  31,  33  from  this  proxi- 
mate and  the  remaining  one)  or  two  mediates  distant  11,  33 
or  13,  13  from  the  two  proximates,  8 types. 

Lastly,  in  an  eight-fold  statement  with  four  pair  of  ob- 
verses they  may  be  all  evenly  distant,  or  the  statement  may 
subdivide  into  six  and  two,  or  into  four  and  four ; in  the 
latter  case  there  are  two  types. 

21.  To  obtain  the  whole  number  of  types,  we  observe 
that  for  every  less-than- eight-fold  type  there  is  a comple- 
mentary more-than- eight-fold  type  (art.  2);  so  tliat  we  must 
add  the  number  of  eight-fold  types,  78,  to  twice  the  number 
of  less-than-eight-fold  tjpes.  159 ; the  result  is  396. 
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The  followieg  paper  was  read  at  the  Meeting  of  the 
Society  held  on  the  26th  December,  1876. 

“A  Notice  of  some  Organic  Remains  from  the  Schists 
of  the  Isle  of  Man,”  by  E.  W.  Binney,  President,  F.R.S.,  &c. 

Many  years  since  Dr.  Berger,  Mr.  Wood,  Professor  Hens- 
low,  and  Dr.  Macculloch,  noticed  these  deposits ; but  it 
is  chiefly  owing  to  the  researches  of  the  Rev.  J.  C.  Gumming 
that  we  are  indebted  for  a more  detailed  account  of  them. 
In  his  Guide  to  the  Isle  of  Man,  published  in  1861,  he 
states  that  “the  greater  portion  of  the  island,  probably 
three-fourths,  consists  of  rocks  which  it  may  be  convenient 
at  present  to  include  under  the  general  term  of  Camhro- 
Silurian,”  intending  thereby  aU  the  rocks  under  the  Upper 
Silurian  of  Sir  R.  J.  Murchison. 

“This  statement  must  be  taken  cautiously,  as  resting  partly 
on  negative  evidence,  in  the  absence  of  determinate  fossils, 
and  partly  on  direct  lithological  considerations.  No  fossils, 
with  the  exception  of  a few  undetermined  fucoids  or  coral- 
lines, have,  as  yet,  been  discovered  in  these  rocks,  but  by 
diligent  search  they  may  hereafter  be  obtained ; yet  they 
can  be  very  well  compared  in  lithological  character  with 
that  series  of  rocks  on  the  western  borders  of  Shropshire 
and  eastern  borders  of  Montgomeryshire,  to  which  the  name 
of  ^ Lower  Silurian’  was  long  since  given  by  Sir  R.  Murchi- 
son, together  with,  perhaps,  the  true  Cambrians  of  the 
Longmynds.  They  consist  of  soft  clay  schists,  often  highly 
ferruginous,  and  sometimes  mottled,  with  intercalated  bands 
of  harder  and  siliceous  rocks,  and,  which  is  most  interest- 
ing, in  comparing  them  with  the  Corndon  series,  with  bands 
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of  felspatliic  greenstone,  the  outpouring  of  which  and  forma- 
tion of  beds  must  have  been  contemporaneous  with  the 
deposit  of  the  mud  of  which  the  clay  schists  are  made  up. 
These  phenomena  are  nowhere  better  developed  than  on  the 
peninsula  of  Langness  and  all  along  the  eastern  coast  from 
Cass-na-awin  (at  the  mouth  of  the  Santon  burn)  to  Maug- 
hold  Head. 

“These  schists  have  been  highly  contorted  by  the  subse- 
quent intrusion  of  granites  and  porphyries,  but  their  general 
dip  is  to  the  N.W.  and  S.E.  of  the  range  of  mountains  run- 
ning from  the  Calf  of  Man  to  North  Barrule,  which  has  a 
general  direction  from  S.W.  to  N.E.  corresponding  with  the 
strike  of  the  schists. 

“ The  granite  has  protruded  at  Foxdale,  on  the  eastern  side 
of  South  Barrule,  and  at  the  Dhoon,  north  of  Laxey,  greatly 
altering  the  schists  where  in  contact  with  them.  The  age 
of  these  granite  bosses  is  uncertain. 

“In  the  neighbourhood  of  the  granites  the  most  productive 
mineral  veins  have  been  discovered.  Large  masses  of  white 
quartz  lie  along  the  strike  of  the  schists,  and  a vein  of  it 
cutting  through  the  eastern  side  of  the  granite  of  Foxdale 
is  at  least  30  feet  thick.  The  thickness  of  these  old  schists 
is  enormous,  and  must  be  calculated  at  many  thousands  of 
feet,  making  every  allowance  for  the  existence  of  faults,  for 
we  may  walk  across  the  upturned  edges,  and  trace  them 
layer  imposed  upon  layer  through  great  distances.  We 
have  one  small  portion  of  them  in  the  form  of  a blue  fibrous 
and  elastic  flagstone  at  Spanish  Head  and  the  Chasms  lying 
almost  horizontal,  and  having  a vertical  thickness  of  more 
than  300  feet. 

“ There  are  no  distinct  evidences  of  true  slaty  cleavage  in 
these  schists;  the  partings  in  the  so-called  slates  of  South 
Barrule  being  in  the  direction  of  the  bedding.  An  imperfect 


slaty  cleavage  appears  in  some  instances  to  have  originated 
joints  by  which  the  rock  is  broken  up  into  rhomboidal 
forms.” 

In  the  Geologist  for  May,  1862,  Mr.  Thomas  Grindley 
describes  these  deposits  as  Lower  Cambrian,  and  states  that 
few  organic  remains  had  been  met  with  in  them,  except 
some  imperfectly  preserved  fucoids  and  corals,  and  he 
estimates  the  thickness  of  the  strata  from  7 to  10,000  feet. 

In  vol.  iv.,  p.  71,  of  the  Transactions  of  the  Manchester 
Geological  Society,  Mr.  John  Taylor,  F.G.S.,  describes  the 
Manx  schists  as  of  Cambrian  age,  and  states  that  in  the 
quarries  below  the  Castle  Mona  Hotel,  Douglas,  he  had 
discovered  both  fucoids  and  the  tracks  or  castings  of 
worms. 

Professors  Harkness  and  Nicholson,  in  a paper  printed  in 
the  Quarterly  Journal,  vol.  xxii.,  p.  488,  come  to  the  con- 
clusion that  the  Manx  schists  are  of  Silurian  age,  and  consist 
of  green  slates  and  porphyries,  and  Skiddaw  slates,  and  in 
confirmation  of  their  opinion  as  to  the  latter  deposits,  state 
that  they  had  found,  on  the  north  of  Douglas  Bay,  specimens 
of  Palceochorda  major. 

Mr.  John  Horne,  F.G.S.,  of  the  Geological  Survey  of 
Scotland,  in  a memoir  printed  in  vol.  ii.,  part  iii.  of  the 
Transactions  of  the  Geological  Society  of  Edinburgh,  in 
writing  on  the  Silurian  rocks  of  the  island,  states  “tliat  nearly 
four-fifths  of  the  island  are  made  up  of  rocks  belonging  to 
this  formation.  A chain  of  high  ground  extends  from  Kamsay 
to  the  Call*  of  Man.  This  chain,  running  from  N.E.  to  S.VY., 
forms  the  backbone  of  the  island,  and  is  approximately  the 
strike  of  the  Silurian  rocks.  These  rocks,  so  far  as  observed 
by  me,  consist  of  indurated  grey  slaty  shales  and  flags.  In 
many  places  they  show  imperfect  cleavage.  In  Glen  Moar, 
and  on  Slieu  Dhoo,  in  the  Sul  by  Glen  and  its  tributaries,  and 
on  the  top  of  Snaefell,  the  general  dip  varies  from  20°  to  40^ 
N.  of  W.  Again,  in  the  south  of  the  island,  in  Silver  Burn, 
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at  the  cliffs  near  Port  St.  Mary,  and  on  the  eastern  side  of 
Langness  the  general  dip  is  from  30°  to  40°  E.  of  S.  at  a high 
angle.  From  these  dips  it  is  evident  that  a well-marked 
anticline  exists  in  these  rocks.  Several  years  ago  Professors 
Harkness  and  Nicholson  pointed  out  that  this  axial  line  runs 
from  Port  Erin  to  Port  Moar,  near  Maughold  Head.  The 
grey  slaty  shales  and  flags  which  occur  on  both  sides  of  the 
great  anticline  were  considered  by  them  to  be  the  equivalents 
of  the  Skiddaw  slates  of  Cumberland.  They  based  this 
conclusion  partly  on  the  lithological  resemblance,  partly  on 
the  fact  that  the  beds  in  the  two  localities  are  in  the  same 
line  of  strike,  and  also  on  the  discovery  of  Palceochorda 
major,  a fossil  very  abundant  in  the  Skiddaw  slates  of 
Cumberland. 

“At  Douglas  Head,  and  northward  as  far  as  Clay  Head, 
they  found  certain  green  slates  and  porphyries  which  they 
considered  to  be  on  the  same  horizon  as  the  green  slates  and 
ash  beds  of  the  Lake  country. 

“If  this  correlation  be  correct,  as  all  the  available  evidence 
seems  to  prove,  then  it  follows  that  the  grey  slaty  shales  and 
flags  of  the  Isle  of  Man  are  of  Lower  Llandeilo  age.  They 
are  inferior  in  position  to  the  Silurian  rocks  of  the  south  of 
Scotland.  Lithologically  they  are  totally  different  from  any 
part  of  that  series.  The  green  slates  amd  porphyries  are  in 
all  probability  of  Lower  Caradoc  age.  In  this  locality  there 
seems  to  be  no  break  between  the  two  series,  for  they  rest 
conformably  on  the  grey  slaty  shales  and  flags.” 

So  far  as  I have  observed,  these  schists  consist  chiefly  of 
argillaceous  and  arenaceous  shales,  generally  of  a brown  but 
sometimes  of  a bluish  and  occasionally  of  a greenish  colour. 
Beds  of  ash  are  met  with  in  them,  but  they  afford  very  few 
calcareous  bands.  For  the  most  part  they  appear  to  have 
been  elevated  to  the  high  angle  at  which  they  are  now 
found  by  the  raising  up  of  the  central  chain  of  hills  running 


106 


from  the  Calf  to  North  Barrule.  Where  they  are  found 
lying  level  they  present  a different  appearance  from  that 
shown  when  they  are  found  lying  nearly  vertical  or  con- 
torted. In  the  former  case  they  are  comparatively  soft  and 
plastic,  but  in  the  latter  the  argillaceous  beds  are  often 
hardened  into  fibrous  slates,  whilst  the  arenaceous  beds  have 
been  converted  into  an  impure  quartzite.  This  appearance 
is  well  shown  in  the  quarries  near  the  gasworks  at  the  south 
side  of  Douglas  Harbour,  and  is  probably  due  to  the  great 
heat  which  would  necessarily  be  developed  by  the  moving 
and  bending  of  the  beds  after  they  had  been  consolidated, 
without  resorting  to  any  other  cause.  In  the  neighbour- 
hood of  the  granites  of  Foxdale  and  Dhoon,  however,  the 
adjoining  schists  are  converted  into  gneissic  and  micaceous 
rocks,  and  exhibit  all  the  appearances  of  metamorphic  action, 
and  probably  these  granites,  especially  the  latter,  may  also  be 
proved  on  more  careful  examination  to  be  due  to  that  cause. 

No  measurements  have  been  made  of  the  thickness  of  the 
schists,  nor  have  any  marked  characters  been  observed  so  as 
to  divide  them  with  certainty,  with  the  exception  of  a bed 
of  dark  blue  slates  which  I have  traced  running  from  Oak- 
hill,  in  Braddan,  past  Port  Soderic  Railway  Station  to 
Mary  Yeg,  in  Santon.  Above  these  strata  lie  the  schists  of 
Walbury,  Douglas  Head,  and  Banke’s  Howe,  of  great  thick- 
ness, and  certainly  a much  greater  thickness  lies  below, 
between  them  and  the  granite  at  Foxdale.  It  is  very 
desirable  to  obtain  a base  line,  especially  if  it  is  marked  by 
organic  remains,  to  assist  in  measuring  and  classifying  the 
beds. 

All  the  authors  above  quoted  notice  the  absence  of  organic 
remains  with  the  exception  of  undetermined  fucoids  and  the 
Palceochorda  major  observed  by  Professors  Harkness  and 
Nicholson.  For  myself,  after  some  years’  search,  I have  not 
been  able  even  to  find  the  above-named  specimens  in  such 
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a state  of  preservation  as  to  be  certain  of  their  nature, 
without  it  be  a fucoid  in  my  possession  found  by  Mr. 
Grindley  in  the  drift  near  Laxey.  The  first  place  where  I 
thought  that  I had  obtained  traces  of  organic  remains  was 
in  the  grey  fiaggy  slates  on  the  shore  near  Derby  Castle, 
on  the  south  side  of  Douglas  Bay.  They  consisted  of  circu- 
lar and  oval  shaped  holes  on  the  surface  of  the  rock,  and 
reminded  me  of  Arenicolites,  but  as  they  occurred  only  a 
little  above  and  a little  below  high  water  mark,  and  I could 
not  find  them  down  to  low  water  mark,  as  they  ought  to 
have  been  if  they  had  been  made  by  the  sea  on  soft  places 
in  the  rock,  they  probably  are  due  to  the  action  of  boring 
molluscs,  or  some  other  cause,  and  have  not  been  made  by 
ancient  annelides.  But  certainly  Scolites  similar  in  character 
although  much  larger  in  size  occur  in  these  last-named 
beds,  greatly  resembling  those  mentioned  by  the  late  Mr. 
Salter  as  occurring  in  the  hard  sandstone  at  the  base  of  the 
Lower  Llandeilo  shales,  near  Tremadoc,  and  described  by 
him  in  the  Memoirs  of  the  Geological  Survey,  vol.  iii.  p.  292, 
pi.  X.  fig.  27. 

Great  difiiculties  no  doubt  occur  in  distinguishing  the 
burrows  and  castings  of  marine  worms  from  the  tracks  and 
trails  of  bivalve  and  univalve  shells  or  of  a Igse,  andin  the 
present  case,  in  determining  the  fossils,  I take  them  to  be 
Nemerites  and  Nereites  from  their,  in  my  opinion,  resembling 
those  genera  more  than  any  other  with  which  I am  ac- 
quainted. The  absolute  identification  of  my  specimens  with 
those  given  of  Sir  E.  Murchison’s  being  by  no  means  clearly 
made  out. 

In  making  the  railway  from  Douglas  to  Castletown 
a bed  of  laminated  slates,  of  a dark  blue  colour,  dipping 
at  a high  angle  to  S.E.,  was  cut  through  at  Oakhill,  iu 
Braddan.  It  was  several  hundred  feet  in  thickness,  and 
occurred  between  two  deposits  of  grey  shales.  In  this  dark 
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blue  bed  were  found  the  burrows  of  large  and  small  worms. 
Amongst  the  former  I found  the  specimen  plate  i.,  fig.  1,  of 
a loop  shape,  12  inches  long,  and  ith-inch  in  diameter.  It 
occurred  on  the  fragment  of  stone  as  drawn,  so  I could  not 
tell  whether  or  not  it  had  ever  been  connected  with  other 
loops.  In  comparing  it  with  the  Nemerites  Olivantii  of 
Murchison  it  bears  considerable  resemblance  to  that  fossil, 
but  as  it  is  evidently  only  a portion  of  a specimen  it  is 
difficult  to  identify  thoroughly,  so  it  is  proposed  to  call  it 
Nemerites  Monensis.  Besides  this  specimen  there  are 
some  oval  shaped  bodies  about  an  inch  long  and  half  an 
inch  broad,  Avith  a thin  tail-like  appendage,  one  and  a half 
inch  distant  from  each  other.  Plate  i.,  fig.  2 gives  a repre- 
sentation of  one  of  them.  Similar  forms  from  the  schists  of 
Laxey  and  Dalby  have  been  supposed  by  Messrs.  Grindley 
and  Taylor  to  be  casts  of  the  footprints  of  animals,  but  to 
me  they  appear  more  like  the  casts  and  trails  of  a bivalve 
shell  in  soft  mud.  In  size  and  shape  they  resemble  the 
Linguella  Davisii  of  Mc.Coy. 

In  an  old  quarry  beloAv  Port  Soderic  Bailway  Station  the 
blue  slates  are  again  met  with,  dipping  to  the  S.E.,  and  the 
tracks  and  burrow^s  of  annelides  similar  to  those  found  at 
Oakhill  occur. 

Further  to  the  south  of  the  last-named  locality,  in  a new 
slate  quarry  on  the  cliff  above  the  sea  at  Mary  Veg,  in 
Santon,  the  blue  slates  are  now  being  wrought.  They  dip  to 
the  S.E.,  at  an  angle  of  60°.  In  them  I found  the  meander- 
ing worm -like  body  represented  in  plate  ii.,  fig.  I,  both  in 
mould  and  cast,  the  latter  being  on  the  left-hand  side  of  the 
upper  portion  of  the  specimen.  In  the  former  (the  mould) 
it  is  of  an  S shape  at  the  lower  part  of  the  stone,  where  it 
appears  to  consist  of  about  one  hundred  segments,  with 
traces  of  feet  and  cirri  not  well  shown,  and  terminating  in 
what  appears  to  be  like  an  oval-shaped  head.  In  the  form 
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of  its  curve  and  size  it  agrees  pretty  well  with  Nereites 
Gamhrensis,  hut  in  the  shape  of  the  teet  it  somewhat  re- 
sembles Nereites  Sedgiuichii  of  Murchison,  so  being 
different  from  both  of  these  species  it  is  proposed  to  call  it 
N'erites  Monensis. 

The  two  small  specimens  described  in  plate  ii.,  fig.  2,  are 
of  irregular  oval  shape,  about  three-quarters  of  an  inch  long 
and  half  an  inch  broad.  They  occur  in  considerable  numbers 
in  some  of  the  beds,  but  to  what  they  belonged  it  is  difficult 
to  say,  without  they  are  the  open  valves  of  a Linguella  or 
some  other  bivalve  shell. 

The  occurrence  of  Nemerites  and  Nereites,  or  bodies 
resembling  them,  in  the  blue  slates,  similar  to  those  found 
in  the  Lower  Llandeilo  beds  at  Llampeter,  appears  to  show 
that  these  Manx  schists  are  of  Lower  Llandeilo  age  as 
suggested  by  Mr.  Horne. 

The  blue  slates  in  which  the  specimens  of  Nemerites  and 
Nereites  are  found,  and  the  beds  near  Derby  Castle,  con- 
taining Scolites,  from  their  organic  remains,  may  therefore 
be  taken  as  the  Manx  representatives  of  the  Lower  Llandeilo 
beds ; but  what  the  several  thousand  feet  of  strata  lying 
above  them  at  Walbury,  Douglas  Head,  and  Banke’s  Howe 
are,  we  have  at  present  no  evidence  from  fossils  to  enable 
us  to  decide  with  certainty.  From  Mary  Yeg,  and  the 
other  localities  where  the  blue  slates  containing  Nereites 
and  Nemerites  are  found  to  the  mica  schists  and  gneissic 
rocks,  near  Foxdale,  is  fully  four  miles  on  the  rise  and  dip, 
and  the  underlying  strata,  as  far  as  exposed,  incline  to  the 
S.E.  at  a high  angle ; so,  after  allowing  for  faults,  probably 
some  thousand  feet  of  strata  lie  under  the  Lower  Llandeilo 
beds.  Whether  these  are  all  Lower  Silurian,  or  some  of 
them  Cambrian,  remains  yet  to  be  proved;  but  it  is  appa- 
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rently  by  no  means  improbable  that  Mr.  Gumming,  and 
others,  may  not  have  been  mistaken  in  supposing  some  of 
the  lower  beds  to  be  of  Cambrian  age. 

I am  indebted  to  Mr.  H.  H.  Bailey,  F.G.S.,  Acting  Palseon- 
tologist  to  the  Irish  Geological  Survey,  for  his  kindness  in 
drawing  the  specimens. 


EXPLANATION  OF  PLAfES. 

Plate  I. 

Fig.  1. — Specimen  of  Nemevites  ? Monensis,  from  Oakhill, 
in  Braddan  ; natural  size. 

Fig.  2. — Linguella  Davisli  ? (Mc.Coy),  from  the  same 
locality;  natural  size. 

Plate  II. 

Fig.  1. — Specimen  of  Nereites'^.  Monensis,  from  the  slate  - 
quarry  of  Mary  Yeg,  in  San  ton;  natural  size. 

Fig.  2. — Oval  valves  of  a bivalve  shell  ? from  the  same 
locality;  natural  size. 
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General  Meeting,  February  6th,  1876. 

E.  W.  Binney,  F.B.S.,  F.G.S.,  President,  in  the  Chain 

Mr.  John  Henrj^  Poynting,  B.A.,  B.Sc.,  Demonstrator  in 
the  Physical  Laboratory,  Owens  College,  and  Mr.  William 
Garnett,  of  Quernmore  Park,  Lancaster,  were  elected 
ordinary  members  of  the  Society. 


Ordinary  Meeting,  February  6th,  1877. 

E.  W.  Binney,  F.B.S.,  F.G.S.,  President,  in  the  Chair. 

“Notice  of  the  Junior  Literary  and  Philosophical  Society 
of  Manchester,  1806-1807,”  by  William  E.  A.  Axon, 

M.B.S.L. 

Mr.  Axon  presented  to  the  Library  of  the  Society  a small 
manuscript  volume  formerly  belonging  to  Alderman  John 
Shuttleworth.  It  was  the  minute-book  of  a Junior  Literary 
and  Philosophical  Society  formed  April  29th,  1806,  the 
original  members  being  Messrs.  Peter  Clare,  Kinder  Wood, 

Godfrey  Fox,  E.  B.  Kent,  Hall,  Frith  Jordan  and 

and  Goodlad,  subsequent  members  being  Messrs.  Thomas 
Hanson,  Thomas  Philips,  John  Oliver,  John  Shuttleworth, 
Edwin  Watt,  John  Hodson,  John  Lowe,  John  Stevenson. 
The  meetings  were  held  fortnightly  in  the  chapel  in  Cross- 
street, the  members  being  required  to  give  a lecture  or 
paper  in  rotation,  any  member  coming  after  seven  to  be 
fined  6d.,  if  absent  entirely  to  pay  2s.  6d.  The  society  was 
to  meet  for  general  literary  purposes,  those  branches  of  the 
art  of  Medicine  not  comi ug  under  the  heads  of  anatomjq 
physiology,  and  chemistry,  were  excluded.  This  restriction 
was  afterwards  abolished. 

Proceedings — Lit.  & Phil.  Soc. — Vol.  XVI. — No.  8. — Session  1876-7i 
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At  the  second  meeting  something  unpleasant  must  have 
happened,  which  resulted  in  the  resignation  of  three  of  the 
founders.  The  society  appears  to  have  been  largely  medical 
in  its  composition,  and  the  first  paper  was  an  anatomical 
demonstration  of  the  brain  by  Mr.  Kinder  Wood.  The  fines 
for  papers  not  produced  are  numerous.  At  the  eleventh 
assembly  it  was  resolved  that  in  consequence  of  there  being 
only  two  members  present  the  meeting  be  adjourned.  At 
the  fifteenth  meeting  it  was  agreed  that  every  member 
when  he  addressed  the  meeting  “shall  deliver  his  sentiments 
standing.”  The  author  of  a paper  was  however  allowed  in 
this  respect  to  please  himself  On  November  13,  “the 
meeting  was  called  earlier  than  usual  in  consequence  of  Mr. 
Dalton’s  lectures  happening  on  the  Wednesday  evening  to 
accommodate  those  members  who  attend  them.”  On  Jan.  14, 
1807,  it  was  resolved  unaniraously  that  a special  meeting 
be  convened  at  the  House  of  Kecovery,  “ to  take  into  con- 
sideration the  irregularity  of  the  attendance  of  some 
of  the  members.”  Considering  the  “parlous  state”  of  the 
small  association,  there  is  an  evident  appropriateness 
in  the  locality  selected.  At  this  special  meeting  it  was 
decided  to  send  a letter  to  Mr.  Moorhouse,  “expressing  in 
strong  terms  the  dissatisfaction  the  society  cannot  fail  from 
experiencing  from  the  want  of  attendance  he  has  uniformly 
shown.”  Perhaps  the  absentee  got  wind  of  this,  for  he 
sent  in  his  resignation  before  the  letter  was  sent ; but  the 
Secretary  was  desired  to  call  upon  him  for  the  fines  he  had 
incurred.  Mr.  Hall  read  a paper  on  Taste,  which  was 
discussed.  Whether  anything  disagreeable  was  said  is  not 
recorded,  but  two  meetings  subsequently  there  is  a record 
of  his  resignation  being  brought  before  the  society,  “ but  in 
consequence  of  his  letter  reflecting  very  unjustly  upon  the 
members  of  this  society  it  was  resolved  it  be  returned  to 
him  and  if  a satisfactory  explanation  be  not  given,  then  his 
name  be  erased  from  the  list  with  disgrace.”  This  severe 
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course  was  acted  upon  in  relation  to  another  member,  but 
whether  any  evil  results  accrued  does  not  appear.  The  last 
entry  in  the  volume  is  that  of  the  43rd  general  meeting, 
23rd  October,  1807,  when  Mr.  Peter  Clare  was  re-elected 
President,  Mr.' Godfrey  Fox,  Vice-President,  and  Mr.  John 
Hodson,  Secretary.  The  papers  brought  before  the  meet- 
ings included  communications  on  “ History,”  “ Human 
Passions,”  ^'Galvanism,”  General  Laws  of  Matter,”  “In- 
human Treatment  from  Man  to  Animals,”  “Temperance,” 
“ Mechanics,”  “ Comparison  between  Ancient  and  Modern 
History,”  “Present  State  of  Morals,”  “Electricity,”  “Elo- 
quence.” This  last  was  the  essay  of  Mr.  John  Shuttleworth, 
and  it  is  grievous  to  find  that  only  one  member  and  two 
visitors  attended.  It  was  read  however  at  the  succeeding 
meeting  to  an  audience  of  six.  Whether  there  are  any  more 
records  of  this  society  in  existence  is  not  known.  Probably 
the  society  died  without  a pang,  and  hence  the  minute-book 
would  naturally  remain  in  the  hands  of  its  former  Secretary. 

“On  Compound  Combinations,”  by  Prof  Cayley, F.P  S.,  &c. 

Prof  Clifford’s  paper,  “ On  the  Types  of  Compound  State- 
ment involving  Four  Classes,”  relates  mathematically  to  a 
question  of  compound  combinations ; and  it  is  worth  while 
to  consider  its  connection  with  another  question  of  compound 
combinations,  the  application  of  which  is  a very  different 
one. 

Starting  with  four  symbols,  A,B,C,L,  we  have  16 
combinations  of  the  five  types  1,A,AB,ABC,ABCD 
(l-f4-}-6  + 4-|-l  = 16  as  before);  but  in  Prof  Clifford’s  question 
1 means  A'B'C'D',  A means  AB'C'I)',  &c.,  viz.,  each  of  the 
symbols  means  an  aggregate  of  four  assertions;  and  the  16 
symbols  are  thus  all  of  the  same  type.  Considering  them 
in  this  point  of  view,  the  question  is  as  to  the  number  of 
types  of  the  binary,  ternary,  &c.,  combinations  of  the  16 
combinations;  for,  according  as  these  are  combined 
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. 1,2,3,  4,  5,  6,  7,  8,  9,  10,11,12,13,14,15  together 

No.  of  types  is  = 1,4,6,19,27,47,55,78,55,47,27,19,  6,  4,  1 

In  the  first  mentioned  point  of  view  the  like  question 
arises,  in  regard  to  the  sets  belonging  to  the  5 different  types 
separately  or  in  combination  with  each  other ; for  instance, 
taking  only  the  6 symbols  of  the  type  AB,  these  may  be 
taken  1,2,8, 4,  or  5 together,  and  we  have  in  these  cases 
respectively 

1,2,3,4,5 
No.  of  types =1,2,2,2,1 

as  is  very  easily  verified ; but  if  the  number  of  letters  A,B... 
be  greater,  say  this  is =8,  or,  instead  of  letters,  miting  the 
numbers  1,2,8,4,5, 6,7,8,  then  the  question  is  that  of  the 
number  of  types  of  combiuation  of  the  28  duads  12,18, ...78, 
taken  1,2,8,... 27  together,  a question  presenting  itself 
in  geometry  in  regard  to  the  bitangents  of  a quaidic  curve 
{see  “Salmons  Higher  Plane  Curves,”  Ed.  2 (1878),  pp.  222 
et  seq.) ; the  numbers,  so  far  as  they  have  been  obtained,  are 

1,2,8,  4 24,2.5,26,27 

No.  of  types  = l,2,5,ll 11,5,  2,  1 

It  might  be  interesting  to  complete  the  series ; and  more 
generally  to  determine  the  number  of  the  types  of  combina- 
tion of  the  J n {n-1)  duads  of  n letters. 

“ On  Ternary  Differential  Equations,”  by  Eobert  Eawson, 
Esq.,  Hon.  Member  of  the  Society. 

1.  The  following  observations  have  been  suggested  by 
reading  the  interesting  communication,  to  the  ordinary 
meeting  of  November  28th,  1876,  “On  Ternary  Differential 
Equations,”  by  Sir  James  Cockle. 

With  a view  of  comprehending  fully  the  nature  and  im- 
portance of  the  step  advanced  by  Sir  James  Cockle  in  the 
communication  above  referred  to,  it  will  be  necessary  to 
state  briefly  the  exact  state  of  our  present  knowledge  of  this 
subject,  as  given  by  Boole  and  other  eminent  writers  on 
Differential  Equations. 
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The  substance  of  this  knowledge  may  be  given  in  two 
propositions,  as  follows  : — 

First — That  the  differential  equation 

Vdx  + (^dy + ^dz  = 0 (1) 

where  P,Q,R  are  given  functions  of  x,y,z,  has  a single  solu- 
tion, or  in  other  words,  there  is  a single  relation  between  the 
variables  x,y,z  which  will  satisfy  it,  providing  the  following 
conditional  equation  obtains 


/dQ  dR\  dP\  dQ\  ™ 

□ is  called,  by  Sir  James  Cockle,  the  discriminoid. 

Second. — If  the  conditional  equation  (2)  does  not  obtain 
by  virtue  of  the  given  functions  P,Q,R,  then  the  equation 
(1)  has  a dual  solution,  or  in  other  words,  there  are  two 
relations  between  the  variables  x,y,z  which  will  satisfy  it. 

2.  The  first  of  these  propositions  was  known  to  Newton 
and  his  contemporaries,  who,  however,  regarded  all  those 
differential  equations  which  failed  to  satisfy  (2)  as  absurd 
and  meaningless;  Monge  supplied  the  dual  solution,  and 
thereby  removed  the  reproach  of  absurdity  and  meaningless 
from  those  differential  equations  which  failed  to  satisfy  the 
conditional  equation  (2). 

3.  Both  of  the  above  propositions  are  considerably  circum- 
scribed by  a third  proposition  discovered  by  Sir  James 
Cockle,  viz.:  equation  (1)  may  fail  to  satisfy  (2)  and  still  be 
satisfied  by  a single  relation  between  the  variables  of  which 
it  is  composed. 

The  importance  of  this  proposition  can  hardly  be  exagge- 
rated, especially  in  reference  to  the  doctrine  of  curved  sur- 
faces, &c.,  still,  it  might  be  hazardous,  in  the  present  active 
state  of  mathematical  investigation  both  here  and  on  the 
continent  of  Europe,  to  say  it  is  new.  It  is  not,  however, 
referred  to  by  Boole,  Be  Morgan,  M.  L’abbe  Moigno,  the 
ablest  writers  on  differential  equations. 

4.  Sir  James  Cockle  has  shown,  also,  that  when  equation 
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(1)  fails  to  satisfy  the  conditional  equation  (2),  and  still  pos- 
sesses a single  solution,  this  solution  is  gathered  from  the 
equation  D^O. 

The  solution  here  alluded  to  is  not  inaptly  called  the  dis~ 
criminoidal  solution  by  Sir  James  Cockle. 

5.  The  following  view  of  the  subject  is  intended  to  further 
elucidate  the  proposition  in  art.  4,  and  also  to  show  a reason 
for  the  existence  of  these  discriminoidcd  solutions. 

By  a reference  to  the  general  primitive  and  its  derived 
differential  equation,  it  will  not  be  difficult  to  perceive  the 
manner  by  which  the  harmony  of  the  conditional  equation 

(2)  is  disturbed  by  the  legitimate  process  of  elimination 


between  the  primitive  and  its  differential  equation.  Take, 
for  example,  a simple  case : 

Let  [y  + x^)z  ~ y = ^ (3) 

be  the  primitive.  Differentiate  in  the  ordinary  way,  then 

(Z-l)g  + 2^^+(2/  + *^)|  = 0 (4) 

I prefer  writing  differential  coefficients  to  differentials.  Now, 


equation  (4)  has  evidently  a single  solution  (3),  and  satisfies 
the  conditional  equation  (2). 

This  is  all  right  enough ; but,  now  observe  the  effect  pro- 
duced on  the  discriminoid  □ by  eliminating  ^xz  from  equa- 
tion (4)  by  means  of  its  value  as  given  by  equation  (3). 


From  (3)  2xz 


2xy 
y + 


Substitute  this  value  in  equation  (4)  and  it  becomes 


(z-\) 


+ 

dx  y -{-x 


(5) 


Equation  (5)  has  still  the  single  solution  (3) ; but  it  now  fails 
entirely  to  satisfy  the  conditional  equation  (2). 

2^ 


The  discriminoid  Q = 


y + X 


{y-\-c^)z 


y 


(6) 


The  discriminoidal  solution  of  equation  (5)  is,  therefore,  a 
factor  of  the  discriminoid  □,  in  accordance  with  the  propo- 
sition of  Sir  James  Cockle,  as  stated  in  art.  4. 
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Let  us  take  another  very  general  equation,  viz. : 


(dw  dv\dy  v dw 
dy  dyjdx  w dx 


dv'  dz  _ 
— 0 

dx  dx 


(7) 


where  w,v  are  functions  of  x,y  only. 

This  equation  does  not  satisfy  the  conditional  equation 
(2),  as  the  discriminoid  □ is  readily  found  to  be  as  follows: 
^ , , { \ dw  dw  d^w  ) 



This  equation  vanishes  only  when  one  of  the  two  factors 
of  which  it  is  composed  vanishes. 

The  first  factor,  viz.,  wz—v~0,  satisfies  equation  (7), 
therefore,  it  is  the  discriminoidal  solution  of  (7). 

In  consequence  of  ^oz—v—0  being  a very  general  primi- 
tive, it  is  inferred  that  equation  (7)  is  a very  general  diffe- 
rential equation  which  admits  of  discriminoidal  solution. 

6.  Boole,  in  page  285,  has,  by  a reference  to  one  of  the 
dual  equations,  unnecessarily  limited  the  values  of  the  con- 
stants in  the  equation 

dy 


dz 


so  as  to  admit  of  a single  solution. 

This  equation  is  satisfied  by  the  single  solution 


c^{z  -c)  + <£‘{pd‘  + - cd 

When  a—h,  the  quantity  C is  introduced  by  integration. 

7.  The  elimination  of  an  arbitrary  constant  between  the 
primitive  and  its  derived  difierential  equation  does  not  dis- 
turb the  harmony  of  the  conditional  equation  □ 0. 

Let  (C-R1XC-R2)  &c.=0. (9) 

be  a primitive  where  (C)  is  an  arbitrary  constant  and  Bi,R2j 
&c.,  given  functions  of  x,y,z. 

Differentiate  (9),  then 

c)  + f(R.-c)}|=0 (10) 


- C)  - 


dy 


+ 


dy 


This  equation  evidently  satisfies  the  conditional  equation 


(2). 
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Eliminate  (C)  from  (10)  by  means  of  equation  (9)  and  there 
results 


(Ri-E2)2&c. 


dy  dRi  dR^dz 
dy’dx  dx  dz  dx 


(dK.^ly  cZR.,  cZRocZ^)  ,,  .v 

1 ^ ^ r’“- = ° • • • ( “ > 


Now,  each  of  the  factors  equated  to  zero  evidently  satis- 
fies the  conditional  equation  (2). 

8.  It  is  readily  seen  that  (11)  is  satisfied  by  (9)  the  general 
primitive,  and  also  by  Rj  - R2 equation  which  is  not 
included  in  the  general  primitive  by  giving  to  (C)  any  value 
independent  of  x,y,z.  Therefore,  Ri-R2^  0 is  a singular 
solution  of  (11). 

The  following  simple  rule  derived  from  the  above  is  of 
some  importance  in  finding  the  singular  solution  of  a diffe- 
rential equation  from  its  general  primitive. 

Solve  the  general  primitive  algebraically  with  respect  to 
the  arbitrary  constant,  the  roots  being  generally  functions 
of  x,y,z.  The  condition  of  equal  roots  is  a singular  solution. 

Professor  Cayley  informs  me  that  the  above  rule  is  well 
known  at  Cambridge.  This  may  be  so  ; stiR,  I have  never 
seen  it  in  print,  and  it  is  not  mentioned  by  Boole  in  his 
differential  equations.  It  was  discovered  by  me  some  fifteen 
years  ago,  when  I communicatied  it  to  my  pupils  and  ma- 
thematical friends,  amongst  whom  I may  mention  the  names 
of  Rev.  Robert  Harley,  F.R.S.,  &c.,  and  the  late  Mr.  Parkis, 
senior  wrangler  of  1864,  and  Vice-Principal  of  the  School  of 
Naval  Architecture  at  Kensington.  It  may  be  further  stated 
that  if  a differential  equation  of  two  variables  be  solved 

algebraically  with  respect  to  = roots  being 

functions  of  x,y,  the  condition  of  equal  roots  which  satisfies 
the  differential  equation  is  a singular  solution. 


Professor  OsBOKNE  Reynolds  exhibited  various  forms  of 
vortex  motion  in  a large  glass  tank  by  means  of  colour,  or 
bubbles  of  air,  the  vortex  lines  behind  an  oblique  vane, 
the  vortex  ring  behind  a circular  disc,  the  vortex  rings 
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caused  by  raindrops,  and  the  vortex  rings  caused  by  a puff 
of  water.  The  various  ways  in  which  these  vortices  move 
were  also  shown.  But  Professor  Reynolds’  object  in  show- 
ing these  experiments  was  to  illustrate  the  importance  of 
the  method  of  study  rather  than  from  the  intrinsic  impor- 
tance of  the  results  already  obtained,  which  are  not  as  yet 
sufficiently  complete  for  publication. 

“ On  the  powerful  Oxidising  Action  of  Animal  Charcoal 
upon  Organic  Matters  as  shown  by  the  Analysis  of  the 
Drainage  from  a large  heap  of  a Mixture  of  Night-soil  and 
Animal  Charcoal,”  by  William  Thomson,  F.RS.,  Edin. 

I had  occasion  some  time  ago  to  examine  a sample  of  the 
fluid  which  had  drained  from  a large  heap  of  several  thou- 
sands of  tons  of  a mixture  of  Night-soil  and  Animal  Char- 
coal which  had  lain  for  about  one  year  or  more,  covered  over 
with  clay  and  pitch  to  prevent  the  rain  from  washing  it 
away.  This  heap  was  about  7 or  8 feet  in  height,  and  the 
drainage  from  the  whole  which  could  be  collected,  did  not 
amount  to  more  than  an  average  of  about  12  gallons  in  24 
hours.  It  exuded  from  the  heap  in  minute  streamlets  which 
drained  down  its  sides,  and  at  no  part  of  this  immense  col- 
lection of  oxidising  organic  matter  could  the  slightest 
unpleasant  odour  be  detected.  The  liquid  which  drained 
away  was  mixed  with  a small  amount  of  suspended  matter, 
which  however  soon  settled  to  the  bottom,  leaving  a per- 
fectly colourless  solution  which  was  quite  free  from  smell, 
but  possessed  a strong  saline  taste,  and  when  treated  with 
hydrochloric,  sulphuric,  or  other  acid  it  produced  a copious 
effervescence. 

This  liquid  was  submitted  to  a very  careful  analysis  in 
the  following  manner. 

1.  50  c.c.  of  the  liquid  was  evaporated  to  dryness  in  a 
tared  platinum  capsule  and  heated  in  an  air  bath  at  220°  Fah. 
till  it  ceased  to  lose  weight,  and  its  weight  then  noted. 
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2.  This  residue  was  then  heated  for  some  time  to  redness 
to  destroy  and  free  it  from  any  organic  bodies  and  again 
weighed. 

3.  The  remaining  mineral  matters  were  then  submitted 
to  analysis  by  separation  of  the  different  salts  by  means  of 
alcohol  of  different  strengths  to  corroborate  the  results  of 
the  more  exhaustive  analysis. 

4.  5 cubic  centimetres  of  the  solution  were  mixed  with 
245c.c.  of  pure  water,  free  from  ammonia,  distilled  and  the 
free  ammonia  determined  by  means  of  “ nesslerizing”  to  shew 
the  proportion  of  ammonia  iri  combination  with  carbonic  acid. 
Pure  carbonate  of  soda  solution  and  pure  water  were  added 
to  the  liquid  remaining  in  the  retort  and  it  was  again  dis- 
tilled till  the  distillate  ceased  to  shew  any  coloration  by  the 
nessler  test,  aud  the  ammonia  from  this  distillate  estimated 
by  nesslerizing.  This  operation  would  give  the  proportion  of 
ammonia  which,  although  in  the  analysis  of  potable  water 
would  be  termed  “ free  ammonia  ” would  in  this  case  be  in 
combination  with  hydrochloric  acid.  More  pure  water  and 
permanganate  of  potassium  were  added  to  the  solution,  again 
remaining  in  the  retort,  and  the  liquid  again  boiled  and  the 
distillate  collected  with  the  same  precautions  as  before,  and 
the  ammonia  contained  in  it  estimated.  This  should  give 
an  approximate  idea  of  the  nitrogen  which  is  contained  in 
the  water,  not  as  ammonia,  but  presumably  in  combination 
in  some  organic  compound. 

5.  100  c.c.  of  the  sample  were  heated  with  a little 
free  sulphuric  acid,  and  a standard  solution  of  potassium 
permanganate  added  till  the  liquid  ceased  to  decolorize  it,  to 
find  the  amount*  of  oxygen  required  to  oxidise  any  matters 
capable  of  oxidation  by  such  means. 

The  following  determinations  were  made  in  the  original 
water : — 

Chlorine. — This  was  estimated  by  standard  nitrate  of 
silver  solution. 
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Sulphuric  acid  was  determined  by  the  usual  gravimetric 
process. 

Potash  was  weighed  as  potassium  plato-chloride,  the 
platinum  being  added  after  the  sulphuric  acid  had  been 
separated  by  baryta  water,  the  baryta  with  milk  of  lime,  and 
the  lime  with  ammonium  carbonate  and  a little  oxalate. 

Magnesia  was  determined  and  weighed  as  magnesium 
pyrophosphate. 

The  free  carbonic  dioxide  and  that  in  combination  with 
ammonia  were  estimated  together  by  boiling  200  c.c.  of  the 
water  in  a flask  and  passing  the  distillate  through  a re- 
frigerating apparatus  and  directly  into  a solution  of  barium 
chloride  and  ammonia,  the  resulting  precipitate  of  barium 
carbonate  was  washed,  dried,  gently  ignited,  and  weighed. 

The  total  quantity  of  carbonic  acid  in  the  water  was 
determined  by  treating  50  c.c.  of  the  sample  with  an  am- 
monia solution  of  barium  chloride,  and  drying  the  resulting 
precipitate  of  barium  sulphate  and  carbonate,  placing  it  in 
a carbonic^acid  apparatus,  and  expelling  the  carbonic  dioxide 
by  means  of  sulphuric  acid,  and  determining  its  amount 
by  loss. 

I may  say  that  each  result  herein  given  was  repeated  two, 
three,  or  more  times,  so  as  to  leave  little  or  no  doubt  as  to 
its  accuracy. 

The  following  gives  the  results  of  this  analysis : — 
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Grains. 

Grains 
per  Gall. 

1 

t 

1°.  Solid  matter  left  on  evaporating 
4000  grains  of  the  sample  to  dry- 
ness and  heating  at  220°  Fah.  till 
the  residue  ceased  to  lose  Aveight 

111-972 

1 

—Total  solid  matter 

1959-510 

2°.  Weight  of  residue  after  prolonged 
heating  to  redress  

111-898 

— TiOss  on  io-riition 

1-295 

3°.  Loss  by  treating  the  precipitate 
of  Barium  Sulphate  and  Carbon- 
ate produced  from  50  c.c.  of  the 
sample,  with  sulphuric  acid  and 
water  in  carbonic  acid  apparatus 

Grammes. 

0-2655 

—Total  Carbonic  dioxide 

371-700 

i”.  Weight  of  the  gently-ignited  pre- 
cipitate of  Barium  Carbonate 
produced  from  the  distillation 
of  200  c.c,  of  the  sample  

2-7612 

=:Carbonic  dioxide,  free, 

5°.  Ammonia  (NH  3)  obtained  by  dis- 
tilling 5 c.  c.  of  the  sample  Avith 
245  c.c.  of  pure  Avater  and 
“nesslerizing” 

-00575 

and  in  combination 
Avith  Ammonia 

=Ammonia  in  combina- 

215-995 

6°.  Ammonia  (NHg)  by  distilling  the 
liquid  left  in  the  retort  from  5° 
with  sodium  carbonate  and 
“nesslerizing” 

■00010 

tion  Avith  Carbonic 
dioxide 

^Ammonia  presumably 

80-500 

7°.  Ammonia  (NHg)  obtained  by  dis- 

in  combination  with 
Hydrochloric  Acid  . . 

1-400 

tilling  the  liquid  left  in  the 
retort  from  6°  Avith  Potassium 
permanganate  and  “nessler- 
izing”   

■0000325 

=:Nitrogen,  presumably  in 

Weight  of  ignited  precipitate  of 
Magnesium  pyrophosphate  from 
50  c.c.  *of  the  sample  

•0928 

combination  in  some 
organic  compound  . . 

= Magnesium  

0-374 

27-964 

Weight  of  dried  precipitate  of  Potass- 
ium Plato-Chloride  from  25  c.c. 
of  the  sample 

1-2053 

^Potassium 

539-840 

Weight  of  ignited  precipitate  of 
Barium  Sulphate  from  50  c.c.  of 
the  sample 

1-3286 

^Sulphuric  Anhydride . . 

638-640 

50  c.c.  of  the  sample  required  27 '2  c.c. 
of  standard  Silver  Nitrate  solu- 
tion (each  c.c.  of  st.  solution  is 
precipitated  by  -006306  grammes 
pure  sodium  chloride)=Aveight 
of  sodium  chloride 

0-17152 

—Chlorine 

145-719 

100  c.c.  of  the  sample  required  9 c.c. 
standard  Potassium  Perman- 
ganate solution.  Each  gramme 
of  oxalic  acid  required  550  c.c. 
of  the  st.  solution  to  oxidise  it, 
—weight  of  oxalic  acid 

0-01636 

^Oxygen  required  to  oxi- 

dise  matters  existing 

in  the  sample 

Nitrates  and  Nitrites . . 

1-454 

Absent 
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The  water  contained  a large  proportion  of  sodium  salts. 
This  base  however  was  not  estimated  directly,  the  excess 
of  acids  being  calculated  as  having  been  combined  with  that 
base. 

A series  of  experiments  were  made,  as  follows,  to  decide 
how  these  bases  and  acids  were  combined. 

1.  Saturated  solutions  of  pure  ammonium  chloride  and 
potassium  sulphate  were  prepared  and  mixed  together,  an 
excess  of  the  chloride  in  each  experiment  being  used.  Alco- 
hol was  then  added,  and  the  resulting  precipitate  of  sul- 
phate washed  with  alcohol  till  free  from  chlorides. 

2.  Saturated  solutions  of  pure  ammonium  sulphate  and 
potassium  chloride  were  mixed  together,  and  the  resulting 
sulphate  precipitates  freed  from  chlorides  as  above  men- 
tioned. The  sulphate  in  each  of  the  two  above-mentioned 
cases  was  found  to  be  potassium  sulphate. 

3.  The  same  experiments  were  made  with  sodium  chlo- 
ride and  potassium  sulphate  on  the  one  hand  and  sodium 
sulphate  and  potassium  chloride  on  the  other,  and  the 
resulting  sulphate  in  both  cases  found  to  be  potassium 
sulphate. 

The  same  experiments  were  made  with  ammonium  sul- 
phate and  sodium  chloride  on  the  one  hand  and  ammonium 
chloride  and  sodium  sulphate  on  the  other.  The  resulting 
sulphate  in  both  cases  being  sodium  sulphate. 

5.  The  same  experiment  was  made  with  sodium  carbonate 
and  potassium  sulphate  on  the  one  hand  and  sodium  sul- 
phate and  potasssium  carbonate  on  the  other.  The  resulting 
sulphate  in  both  cases  being  potassium  sulphate. 

Part  of  the  magnesium  carbonate  being  precipitated  by 
boiling  some  of  the  liquid  under  examination  left  no  doubt 
as  to  the  form  in  which  it  existed  in  the  solution. 

From  these  data  I have  arranged  the  analysis  of  the 
sample  of  drainage  liquid  as  follows  : — 
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Grains  per  Gallon. 


Total  solid  matter  1959’510 

Organic  matter,  combined  water,  &c 1*295 


Fixed  saline  matter 1958'215 

The  fixed  saline  matter  is  composed  of 

Magnesium  carbonate  97*874 

Sodium  carbonate  251*598 

Potassium  sulphate 1202*559 

Sodium  sulphate 153*566 

Sodium  chloride  235*311 

Nitrates  and  Nitrites Absent. 

Loss  17*307 


1958*215 


The  following  gives  the  proportions  of  free  carbonic  dioxide 
and  volatile  saline  matters : — 

Grains  per  Gallon. 

Free  carbonic  dioxide  17*110 

Ammonium  sesqui-carbonate 279*380 

Ammonium  chloride 4*406 

Nitrogen,  presumably  existing  in  combination  in 

some  organic  compound  0*370 

Oxygen  required  by  potassium  permanganate  test..  1*454 

There  are  many  remarkable  points  about  this  drainage 
water. 

First.  Although  it  comes  directly  filtering  from  what 
originally  was  most  noxious  organic  matter,  it  is  undoubtedly 
free  from  any  of  those  substances,  of  which,  albumen  may  be 
taken  as  a type. 

Second.  That  all  these  organic  matters  have  been  practically 
completely  decomposed  by  oxidation  into  carbonic  acid,  water, 
and  ammonia,  and  the  drainage  remains  charged  with  enor- 
mous quantities  of  these  products.  An  idea  of  the  quantity 
of  carbonic  dioxide  present  may  be  had  by  saying  that  100 
c.c.  of  the  water  contains  268*54c.c.  of  this  gas  when  mea- 
sured at  0°C.  and  under  a pressure  760m.m.  of  mercury. 

Third.  That  although  the  oxidation  of  the  organic  matter 
had  been  so  complete,  yet  the  water  was  free  from  any 
trace  of  nitrates  or  nitrites. 

Fourth.  That  the  water  was  free  from  any  trace  of  lime 
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or  phosphoric  acid,  but  contained  a comparatively  large 
proportion  of  magnesium  carbonate;  which  was  kept  in 
solution  by  the  ammonium  salts  and  free  carbonic  acid; 
the  presence  of  this  magnesium  salt  would  no  doubt  account 
for  the  absence  of  phosphoric  acid. 

Fifth.  The  sediment  and  solution  are  practically  free 
from  bacteria  or  other  animalcula. 

Sixth.  That  when  the  residue  from  a large  proportion  of 
the  water  is  heated  to  redness  it  produces  no  charring  nor 
smell. 

It  might  be  interesting  here  to  compare  a few  of  the 
results  of  this  analysis  with  those  from  a water  which  I col- 
lected about  the  same  time  which  drained  during  a 
heavy  rain  from  decomposing  animal  matter;  principally 
butchers’  offal,  which  had  not  been  treated  with  charcoal. 
It  contained 

Drainage  from  Animal  Matter  without  Charcoal. 

Grains  per  Gallon, 

Total  solid  matter  left  on  evaporating  to  dryness 
and  heating  at  220°  F.  till  it  ceased  to  lose 


weight  272'335 

Matter  lost  hy  prolonged  heating  to  redness  118'475 


Saline  matter  153’860 

Free  ammonia 15*447 

Chlorine  13*394 

Oxygen  required  hy  potassium  permanganate  test  85*629 


When  the  dry  residue  was  heated  to  redness  it  emitted  a 
very  bad  smell  at  first,  and  afterwards  the  smell  of  burning 
hair. 

Microscopic  examination  showed  abundance  of  animalcula 
swimming  about  in  all  directions. 

The  charcoal  with  which  the  night-soil  had  been  mixed 
deserves  some  notice.  It  was  that  produced  in  the  manu- 
facture of  prussiate  of  potash  by  the  charring  of  animal 
refuse  such  as  hoofs,  hair,  leather,  v/oollen  rags,  &c.,  so  that 
although  it  is  really  “ animal  charcoal,”  it  differs  very  much 
from  the  substance  usually  known  under  that  name,  viz. 
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that  obtained  by  heating  bones  to  a red  heat  in  closed  vessels. 
It  appears  to  have  a powerful  effect  in  absorbing  and  oxidising 
noxious  gases  probably  greater  than  any  other  species  of 
charcoal.  I have  read  an  interesting  lecture  given  by  Dr. 
Stenhouse  of  London,  many  years  ago,  which  was  kindly 
placed  in  my  hands  by  our  worthy  President  Mr.  Binney. 
He  made  some  experiments  to  decide  the  value  of  different 
charcoals,  and  came  to  the  conclusion  that  animal,  more 
properly  speaking  bone  charcoal,  was  best  adapted  for  ab- 
sorbing colour  from  liquids,  but  wood  charcoal  was  best 
adapted  for  absorbing  noxious  gases ; he  however  draws  a 
distinct  line  between  the  capabilities  of  a charcoal  to  simply 
absorb  on  the  one  hand,  and  to  absorb  and  then  oxidise  or 
decompose  noxious  gases  on  the  other,  but  he  does  not  men- 
tion the  results  of  any  experiments  made  with  the  charcoal 
under  consideration.  The  following  analysis  of  this  sub- 
stance was  made  and  given  to  me  by  Mr.  Spiegel  of  Oldham. 

Per  Cent. 


Water  30’51 

Organic  and  volatile  matters 4‘52  ■)  ^ 

Carbon  22’79  i 

Sand  and  insoluble  matter  16'30 

Oxide  of  iron  and  alumina  12*66 

Lime  2‘11 

Magnesia  *50 

Sulphuric  acid 5*33 

Potash  3*117 

Soda  *759 

Ferrocyanic  acid. *315f 

Traces  of  phosphoric  acid,  carbonic  acid,  and  loss...  1*059 


100*000 

In  conclusion  I have  to  thank  Mr.  Ralph  Clifton,  of 
Stockport,  for  the  care  and  manipulative  skill  which  he  has 
shewn  in  making  the  analysis  of  the  sample  of  drainage 
water. 


* Containing  nitrogen=aramonia  

t Existing  as  Prussian  blue 


1*035 
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“A  Plea  for  tlie  word  'Anglo-Saxon/”  by  Rooke  Pen- 
nington, LL.B,,  F.G.S. 

There  has  of  late  years  arisen  a class  of  historians  who 
have  taken  under  their  especial  protection  the  history  of 
this  country  from  the  year  of  our  Lord  450.  Amongst  other 
changes  which  it  is  sought  to  effect  in  the  story  of  England 
is  the  abolition  of  the  word  "Anglo-Saxon.”  Without  in 
any  way  attempting  generally  to  review  the  work  of  these 
writers,  I think  it  is  not  inexpedient  to  urge  a few  reasons 
somewhat  crudely  put  together,  for  the  retention  of  this 
particular  term.  A change  which  disturbs  the  historical 
and  literary  nomenclature  of  centuries,  which  would  neces- 
sitate the  annotation  ol  our  greatest  authorities  on  our 
language  and  constitution  is  not  an  unimportant  matter. 
The  reasons  put  forward  for  the  change  appear  to  be  two, 
first,  that  the  word  is  an  incorrect  one,  secondly,  that  it  is 
a misleading  one.  I will  consider  these  reasons  shortly, 
before  dealing  with  the  reasons  why  the  word  should  be 
retained. 

First  as  to  its  incorrectness.  From  A.l).  450  to  A.D.  550 
Britain  was  invaded  by  bands  of  Saxons,  Angles,  and  Jutes. 
From  A.D.  830  to  A.D.  1040  it  was  invaded  by  bands  of 
Danes.  All  these  peoples  settled  in  various  parts  of  Britain. 
The  Saxons,  Angles,  and  Jutes  sometimes  called  themselves 
by  these  names,  sometimes  called  themselves  Angles  or 
(modernized)  English.  The  Danes  at  first  called  themselves 
Danes,  but  ultimately  were  confounded  in  name  with  the 
other  tribes.  Now  Anglo-Saxon  is  an  incorrect  name  for 
the  combination  of  these  four  peoples,  because  it  is  mani- 
festly imperfect.  But  it  is  a good  word,  as  words  go.  There 
is  a limit  to  compound  words  (except  perhaps  in  organic 
chemistry).  It  is  impossible  to  express  in  the  name  of  a 
people  all  the  races  which  go  to  compose  it.  If  we  were  to 
reject  this  word  because  inaccurate,  and  consistently  went 
on  to  weed  our  language,  what  a host  of  useful  words  would 
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disappear.  And  although  these  peoples  did  sometimes 
get  called  English,  I think  we  shall  see  that  this  is  no  good 
reason  why  we  should  do  so.  If  now  for  the  first  time  we 
were  writing  an  account  of  our  history  and  reviewing  the 
past  of  our  language,  it  might  perhaps  be  better  to  begin  by 
calling  these  peoples  the  English.  But  unfortunately  we 
cannot  do  this. 

The  second  objection  advanced  against  the  term  is  that  it 
is  a misleading  one  and  that  it  obscures  the  fact  that  the 
great  parent  stocks  of  the  English  people  were  these  North 
German  tribes.  But  does  it?  Who  is  misled.?  That  the 
English  of  to-day  are  a mixed  race,  but  mainly  springing 
from  those  who  used  to  be  called  the  Anglo-Saxons,  is  about 
as  well  recognized  a fact  and  as  widely  known  a fact  as  any 
historical  fact  can  be.  I was  greatly  astonished  to  find  that 
Mr.  E.  A.  Freeman,  speakiog  in  Manchester  at  the  prize-giving 
of  the  Mechanics’  Institutes,  uttered  words  of  wholesale 
condemnation  of  school  histories  as  usually  misstating  that 
Julius  Caesar  encountered  English  in  Britain  and  that  he 
fought  with  our  ancestors.  It  is  partly  true  that  he  did 
fight  with  our  ancestors,  but  I venture  to  say  that  not  one 
of  the  students  he  addressed  ever  saw  either  this  or  the  other 
statement  in  his  school-books  put  as  Mr.  Freeman  put  it. 
Out  of  curiosity,  I examined  twenty-three  school  histories, 
price  one  penny  upwards,  and  in  every  one  the  real  truth  was 
as  correctly  stated  as  Mr.  Freeman  could  state  it.  In  particu- 
lar, I consulted  two  friends  of  my  early  boyhood — “ Pleasant 
Pages”  and  Charles  Dickens’s  Child’s  History  of  England. 
The  only  difference  between  them  and  Mr.  Freeman  was 
that  they  put  the  matter  as  an  ordinary  well-known  part  of 
history  never  doubted  by  anybody,  instead  of  the  recent  and 
important  discovery  of  a new  historical  school. 

Incidentally,  I may  remind  you  that  the  word  “ Anglo- 
Saxon”  is  a very  old  one.  It  is  not  certain  whether  the  first 
kingly  title  implying  a common  rule  over  the  invaders  was 
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rex  Anoflorum”  or  “ rex  Anoiorum  Saxonorum.”  But 

O O 

whether  the  latter  designation  was  used  before  Egbert  or 
not,  Alfred  was  certainly  styled  Angul-Saxonum  Bex.” 

I am  not  pretending  to  write  an  exhaustive  essay  on  the 
Anglo-Saxons,  but  as  I have  stated  the  objections,  let  me 
now  produce  a few  reasons,  cogent,  I think  them,  for  the 
retention  of  the  term.  First  as  to  race.  By  Anglo-Saxons 
is  meant  the  three  tribes  who  invaded  England  from  A.D. 
450  to  A.D.  550.  Then  came  the  Danes,  then  the  Normans. 
There  is  wanted  some  historical  terminology  which  will 
distinguish  the  period  before  the  fusion  of  the  blood  of  these 
three  sets  of  invaders  from  the  period  after  the  fusion. 
Has  not  the  word  “ English”  been  generally  used  to  indicate 
the  period  from  the  time  of  Canute  downwards  ? Even  then 
there  was  only  partial  fusion  of  Angle  and  Saxon  and  Dane, 
and  the  Norman  was  only  beginning  to  arrive.  In  the 
nature  of  things  historical,  lines  of  demarcation  must  be 
rough.  But  better  rough  than  none  at  all.  And  the  word 
English”  being  by  general  understanding  appropriated  to 
one  time,  and  “ Anglo-Saxon”  to  another,  why  mystify  us 
by  abolishing  one  term.  The  German  called  himself  the 
Angle,  the  conquered  Celt  called  him  the  Saxon.  German 
and  Celt  are  now  one,  began  to  be  one  when  Christianity 
and  Danish  conquest  welded  the  tribes  into  a nation,  and 
when  incessant  intercine  wars  of  petty  chiefs  ceased  in  the 
struggle  for  a kingdom.  What  then  can  be  more  appropriate 
than  that  Anglo-Saxon  should  be  retained  to  designate  the 
earlier  period  before  the  invader  had  fused  with  the  older 
people  into  our  modern  English  ? 

Now  as  to  language.  In  literature  classification  is  more 
accurate,  rules  are  more  definite,  than  in  history.  So  we  find 
the  changes  in  our  language  more  cleaily  marked  out  than 
in  our  ancestry.  True,  the  lines  do  coincide  with  those  of 
history,  literature  only  follows  in  the  wake  of  events.  In 
history  “English”  is  of  earlier  date  than  it  is  in  letters.  First 
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reaching  down  to  the  Norman  conquest,  comes  the  period 
of  Anglo-Saxon  with  its  gradually  fusing  Angle  and  Saxon 
dialects,  its  Celtic  sprinkling  of  words,  and  its  slowly  dying 
inflections.  It  has  been  said  that  the  notion  of  the  Celtic 
infusion  is  a mistake,  that  the  savage  German  swept  all 
before  him,  killed  all  he  could  in  battle,  and  murdered  all 
the  conquered  after;  nay,  that  his  glut  for  blood  was  such 
that  he  was  not  content  till  his  vengeance  had  exterminated 
the  very  cows.  But  our  language  disproves  this.  Whence 
came  the  Celtic  terms  of  servility  and  abuse,  if  not  from  the 
Celtic  bondsman  ? Whence  are  the  Celtic  names  for  hill 
and  valley  and  stream,  if  the  name  givers  had  no  opportu- 
nity of  teaching  their  conquerors  their  rude  geography  ? 
Besides,  it  is  forgotten  that  when  the  fighting  ceased  all 
Cornwall,  all  Cumbria,  and  much  of  the  Penine  hills  were 
still  Celtic.  When  the  fighting  ceased,  fusion  began. 

It  has  also  been  said  that  because  English  speech  is  a lineal 
descendant  of  Anglo-Saxon,  that  should  be  called  English 
too.  Do  we  call  Latin  Italian,  or  Greek  Bomaic  ? And 
why  should  we  style  a language  English  which  is  as  hard 
for  us  to  learn  or  to  understand  as  is  modern  German  ? 

Following  the  Anglo-Saxon  period,  that  from  the  Con- 
quest to  Henry  III.  is  known  as  Semi-Saxon.  The  English 
period  commences  with  the  celebrated  proclamation  of  this 
king,  and  is  divided  into  Old  English,  Middle  English,  and 
Modern  English,  the  latter  period  dating  from  the  Beforma- 
tion.  Meanwhile  a complete  change  had  taken  place  in  the 
old  Anglo-Saxon.  Not  of  course  that  there  had  been  actual 
amalgamation  with  Norman  French  or  any  other  tongue. 
The  grammar  remained  and  still  remains  Anglo-Saxon.  A 
syntactical  combination  of  two  languages  is  almost  an  im- 
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possibility.  But  Norman  French,  following  the  like  influ- 
ence of  Danish,  accelerated  the  complete  disuse  of  almost  all 
the  Anglo-Saxon  inflections — in  fact  changed  the  inflectional 
Anglo-Saxon  for  the  prepositional  English,  and  Norman 
words  were  transplanted  and  took  root.  The  first  English 
writer  of  commanding  genius,  Chaucer,  established  in  our 
language  a host  of  Norman  French  words,  which  enriched  the 
poverty-stricken  vocabulary  of  the  AnglO' Saxon,  and  made 
(with  the  Celtic  words)  the  English  oi  his  day  a composite 
tongue.  Of  how  heterogeneous  a nature  is  our  dictionary 
of  to-day  I need  not  say. 

The  historical  and  literary  meanings  of  the  words  Anglo- 
Saxon  and  English  which  I have  thus  sketched  are  in  the 
main  those  which  have  been  established  by  the  profoundest 
authorities.  And  for  the  sake  of  clearing  up  an  historical 
misapprehension  which  does  not  exist,  we  are  to  obscure 
the  work  of  Sharon,  Turner  and  Kemble,  of  Palgrave  and 
Lappenberg,  of  Bosworth  and  of  Latham^  and  to  proclaim 
that  all  the  great  English  historians  who  have  ever  written 
must  now  be  re-issued  with  explanatory  notes  correcting 
their  common  blunder.  Is  there  any  disease  demanding 
such  a remedy?  We  are  oi  mixed  race,  speaking  a mixed 
language.  We  call  both  race  and  language  English.  It 
will  introduce  far  greater  confusion  to  extend  this  term  to  a 
time  before  the  mingling  of  blood  and  vocabulary  had  well 
begun  than  ever  the  old  distinctions  have  caused.  I must 
ask  pardon  for  having  had  to  go  over  so  much  elementary 
ground  to  prove  this,  but  we  have  popular  writers  now-a- 
days  who  write  as  though  the  great  students  and  authorities 
of  the  past  had  never  existed,  and  there  is  perhaps  no  harm 
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done  in  recalling  to  our  recollection  the  results  they  labori- 
ously arrived  at,  results  which,  perhaps,  are  still  worthy  of 
some  little  attention. 


The  following  paper  was  read  at  the  meeting  held 
January  23rd,  1877  : — 

“Results  of  the  Monthly  Observations  of  the  Magnetic 
Dip,  Horizontal  Force,  and  Declination,  made  at  the  Mag- 
netic Observatory  of  the  Owens  College,  from  January,  1871, 
to  December,  1876,  inclusive,'’  by  Professor  Thomas  H. 
CoEE,  M.A.  Communicated  by  Professor  Balfour 
Stewart,  LL.D.,  F.R.S. 

This  paper,  containing  the  results  of  3 years  magnetic 
observations,  is  in  continuation  of  a paper  by  Professor  B. 
Stewart  in  No.  10,  Vol.  xiii.  of  the  Society’s  Proceedings, p.  Ill, 
containing  the  results  for  1873  of  the  Observations  for  Dip 
and  Horizontal  Force.  For  convenience  of  reference.  Dr. 
Stewart’s  numbers  are  incorporated  in  Tables  I.  and  II. 

The  observations  were  made  by  Mr.  Kingdon  and  myself 
and  latterly  by  Mr.  Poynting,  and  the  two  days  of  the 
month  on  which  they  were  made  were  always  as  near  the 
end  of  the  third  week  or  beginning  of  the  fourth  week  as 
possible.  The  instruments  and  methods  of  observation  were 
the  same  as  before.  For  the  declination,  which  was  not 
before  observed,  in  addition  to  the  Unifilar  by  Elliott  Bros., 
a transit  Theodolite  by  Troughton  & Simms  was  used  to 
determine  the  azimuth  of  a fixed  southern  mai’k — the  highest 
point  of  the  steeple  of  Heaton  Mersey  Church.  A mean  of 
several  transit  observations  of  the  sun  gave  the  south  azimuth 
of  the  steeple  11°  0'  25^ 
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Table  I. 


MAGNETIC  DIP. 

1873. 

1874. 

1 

1 1875. 

1 

1876. 

1 

; Mean  of 
j 4 Years. 

69°  15-62 
13-65 
13-97 
15-72 
15-22 
15-70 

69°  14'-98 

January 

February... 

March 

April  

May  

June  

69°  19'-5 
14'-6 

17- 6 

18- 9 
17-7 
161 

69°  19'-5 

14- 7 
12-4 
16*8 
171 

15- 3 

69°  13'-8 

12- 3 

13- 2 

12- 4 

13- 6 
15-4 

69°  10'-7 
13-0 
*12-7 
*14-8 
*12-5 
160 

69°  l7'-40 

15-80 

13  45 

13-28  j 

1873. 

1874. 

1875. 

1876,  j 

Mean  of 
4 Years. 

J uly 

August  

September ... 
October 
November ... 
December . . . 

69°  14/-6 
20‘2 
23-8 
16-8 
14-4 
18  3 

69°  14'-8 
14-4 
*12-8 
14-4 
n4‘5 
*13-6 

69°  10'-8 

13- 2 

14- 4 

15- 3 
141 
150 

69°  9'-9 

12- 7 
120 

13- 3 
8-2 

11-6  1 

69°  12^-52 
15-12 
15-75 
14-95 
12-80 
14-62 



69°  18'-02 

14-08 

13-80  j 11-28 

1 

69°  14'-30 

Yearly  Means 

39°  17'-7l  ( 

39°  lF-94  ( 

39°  13'-62 

39°  12'-28 

69°  lF-64 

The  six  numbers  marked  with  an  asterisk  result  from 
observations  of  one  needle  only,  but  as  the  mean  annual 
difference  of  the  readings  for  the  two  needles  for  these 
years  differed  by  less  than  the  tenth  of  a minute,  no  correc- 
tion  has  been  applied  to  them. 

The  annual  and  semi-annual  inequalities  of  the  dip  cannot 

be  accurately  deduced  from  four  years’  observations,  but  an 

approximation  to  the  former  is  exhibited  in  the  followino’ 
table.  ® 


j Annual 
Decrease. 

Mean  Dip  in  1873 

„ in  1874  

1/  71 

1 /I  »n  4 

21 -11 

l'-32  ! 

« in  1875  .... 

oy  14  94 

„ in  1876  .... 



OU  lo  oii 

69  12  -28 

l'*34 

1 Mean  . . . . , 

69°  14'-64 

l'-81 
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The  mean  annual  decrease  in  the  dip  of  1-81  minutes 
corresponds  very  well  with  that  of  2'’02  as  found  from  the 
Kew  observations  from  1857  to  1874  inclusive,  and  l'*90 
from  the  Stonyhurst  observations  from  1871  to  1874  inclusive. 

Table  II. 

HOEIZONTAL  FOECE. 


1873, 

1874. 

1875. 

1876. 

Mean  of 
4 Years. 

January 

3-694 

3^699 

3-700 

3-6977 

February  . . . 

3-691 

3-693 

3-704 

3-6960 

March 

3-693 

3-692 

3-709 

3-695 

3-6972 

April  

3-691 

3-703 

3-702 

3-6987 

May 

3-686 

3-705 

3-693 

3-701 

3-6962 

June  

3-684 

3-700 

3-697 

3-708 

3-6972 

3-6877 

3"6955 

3-6990 

3-7017 

3-6971 

1873. 

1874, 

1875. 

1876. 

Mean  of 
4 Years. 

i 

July 

3-704 

3-696 

3 693 

3-699 

3-6980 

August  

3-704 

3-709 

3-696 

3-699 

3-7020 

September  ... 

3-715 

3-691 

3-697 

3-705 

3-7020 

October  

3-661 

3-691 

3-696 

8-701 

3-6872 

November  ... 



3-689 

3-697 

3-703 

3-6963 

December  . . . 

3-686 

3-691 

3-707 

3-702 

3-6940 

3-6940 

3-6945 

3-6977 

3-7015 

3-6966 

3-6916 

3-6950 

3-6983 

3-7016 

3-6969 

1 

The  values  of  the  horizontal  force,  corresponding  to  the 
middle  of  each  of  the  four  years,  and  the  annual  increase  for 
each  year  are  as  follows  : — 


Annual 

Increase. 

Mean  horizontal  force  for  1873 

>j  }}  1874 

„ „ 1875  

« ..  1876 

1 

3-6916 

3-6950 

3-6983 

3-7016 

•0034 

-0033 

•0033 

_ 

3-6969 

•0033 

1 
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If  we  multiply  the  mean  horizontal  force  for  each  year 
successively  by  the  secant,  and  the  tangent,  of  the  mean  dip, 
for  the  same  year  we  get  the  following  values  of  the  Total 
force  and  the  Vertical  force  for  the  four  years. 


Mean 

Total  Force. 

Annual 

Diminution. 

Mean  Verti- 
cal Force, 

Annual 

Diminution. 

1873 

10-4414 

-0126 

9-7670 

•0147 

•0025 

1874 

10-4288 

9 7523 

1875 

10-4275 

-0013 

9-7498 

1876. 

10-4264 

•0011 

9-7469 

•0029 

Means 

10-4360 

•0050 

97540 

•0067 

Table  III. 

DECLINATION. 


1874. 

1875. 

1876. 

Mean. 

January  

February  

20°  47'  20" 
20  43  30 

20°  47'  20" 
20  43  30 

March 

20°  51'  10" 

20°  49'  0" 

20  35  20 

20  45  10 

April 

20  48  40 

20  46  0 

20  82  40 

20  42  27 

May 

20  24  30 

20  41  50 

20  36  0 

20  34  7 

June 

20  35  30 

20  40  40 

20  33  0 

20  36  23 

Mean  

20  39  58 

20  44  23 

20  37  58 

20  40  22 

July 

20 

38 

20 

20 

36 

0 

20 

33 

50 

20 

36 

3 

August  

20 

31 

0 

20 

29 

10 

20 

36 

40 

20 

32 

17 

September  

20 

48 

40 

20 

32 

30 

20 

33 

30 

20 

38 

13 

October  

20 

52 

40 

20 

36 

40 

20 

27 

40 

20 

39 

0 

November  

20 

43 

50 

20 

43 

50 

20 

41 

0 

20 

42 

53 

December  

20 

58 

30 

20 

39 

0 

20 

42 

20 

20 

46 

37 

Mean  

20 

45 

30 

20 

36 

12 

20 

35 

50 

1 20 

39 

10 

Annual  Mean... 

20 

43 

17 

20 

39 

28 

20 

36 

54 

; 20 

39 

42 

The  values  of  the  declination  in  the  above  table  are  not 
to  be  depended  on  to  within  two  or  possibly  three  minutes, 
as  (1)  the  observation  for  the  torsion  of  the  suspending 
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thread  was  not  always  made,  (2)  the  hour  of  observation  not 
being  always  the  same,  the  results  are  affected  by  the  diurnal 
variation,  and  (3)  the  results  must  also  be  affected  by  irregu- 
lar disturbances. 


MICEOSCOPICAL  AND  NATURAL  HISTORY  SECTION. 

December  4th,  1876. 

Charles  Bailey,  Esq.,  in  the  Chair. 

Notes  on  a Botanical  Excurison  in  the  Aberdeenshire 
Highlands  in  July,  1876,”  by  Mr.  Thomas  Eogers. 

The  author  started  in  company  with  Messrs.  J.  Nield 
and  Ashton  and  John  Whitehead,  on  Jul}^  14th,  and  com- 
menced ascent  of  Ben  Mac  D’hui,  from  Aviemore  the  follow- 
ing day.  On  the  wa^^  in  brief  words  were  noticed  Trienta- 
lis  Europea  and  the  rare  Musci,  Orthotriclium  speciomm  and 
0.  leiocarpum.  Crossing  the  river  Spey,  they  entered  the 
woods  of  Rothiemurchus — in  which  was  situated  a swamp 
where  v/as  gathered  Sphagnum  laricinum. — a plant  almost 
new  to  Britain.  Up  higher  grew  Carex  pauciflora; 
and  many  of  the  little  rills  hereabouts  were  much  infested 
with  a beautiful  algae  (Batrachospermum  rnoniiiforme). 
Still  moving  upwards  for  about  two  miles,  Cornus  suecica 
and  Vaccinium  uliginosum  were  found,  and  the  rarest  of  the 
six  British  Lycopodia  (L.  annotinum).  The  path  now 
began  to  get  rugged  and  barren,  Junus  trifidus  being  the 
principal  plant.  Near  the  top  of  the  watershed  among 
moss  covered  stones  were  found  Veronica  alpina,  the  rare 
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Saxifraga  rivularis,  Epilohium  anagallidifolium,  Arabis 
petrsea,  &c. 

The  party  now  descended  into  the  valley  of  the  Dee, 
where,  having  extemporized  a heather  bed,  sheltered  by 
large  stones,  they  passed  the  night.  The  following  morn- 
ing they  started  early  to  ascend  Ben  Mac  Dhui,  and  in  two  or 
three  hours,  after  very  hard  walking  over  huge  boulders 
and  broken  rocks,  reached  the  sloping  and  gravelly  top 
which  led  them  gently  upwards  to  the  summit.  Here 
Luzula  arcuata  was  the  principal  plant;  mingled  with 
stunted  specimens  of  Luzula  spicata,  Garex  rigida,  and 
silene  acaulis.  After  resting  a short  time,  they  proceeded 
over  a gently  sloping  gravelly  headland  towards  Cairngorm, 
and  ere  long  a change  came  over  the  character  of  the  scene, 
for  numerous  little  rills  of  water  made  their  appearance,  fresh 
from  the  melting  snow,  each  boulder  stone  being  covered  with 
mosses  and  jungermannise  of  all  shades  of  colours  from  light 
green  to  dark  purple.  Among  others  the  glaucous  green 
tufts  of  cephalozia  albescens  and  anthelia  julacea,  the  large 
purple  patches  of  scapania  uliginosa  and  Nardia  compressa, 
the  rich  brown  beds  of  Polytrichium  sexangulare  and  dark 
green  and  dull  purple  of  Bryum  Duvalii,  and  black  Androea 
nivalis  were  especially  remarkable.  The  snow  field  was  now 
crossed,  and  a stream  of  water  appeared  sufficiently 
large  to  debar  the  party  crossing  it  with  impunity; 
the  course  of  this  stream  was  pursued,  and  the  shelter 
stones  near  Loch  Avon  discovered,  where  they  passed  an- 
other night.  The  next  morning  they  started  for  Braemar 
by  Glen  Derry.  Near  the  Corrie  of  Etichan  were  found 
Hieracium  alpinum,  Tofieldia  palustris,  Tetraplodon 
mnioides,  &c. 

On  Wednesday  (July  19)  Glen  Callater  was  visited.  The 
principal  plant  noticed  being  a curious  variety  of  Helianthe- 
mum  vulgare,  the  base  of  the  petals  being  blotched  with 
dark  orange  spots.  Sphagnum  subsecundum,  Salix  lanata. 
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S.  lapponum,  S.  reticulata,  S.  herbacea,  and  S.  arbuscula, 
Veronica  alpina  and  V.  saxatilis,  Carex  atrata,  Pyrola 
secunda,  Zygodon  lapponicus,  Grimmia  torquata  and  G. 
funalis  and  Sphagnum  strictum  were  also  noticeable. 

The  next  two  days  were  spent  in  asearcbforLinneaborealis, 
found  on  Friday  21st  growing  in  great  plenty  in  fir  woods 
near  the  stream  called  the  Carr  Linn.  Here  also  were 
noticed  Sphagnum  ruhellum,  Sphagnum  acutifolium  var. 
fuscum  in  fruit — Epilobium  alsinifolium,  Pyrola  media, 
Meum  athamanticum,  &c. 
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Ordinary  Meeting,  February  20th,  1877. 

Rev.  William  Gaskell,  M.A.,  in  the  Chair. 

‘‘Note  on  a Curious  Allusion  of  a Writer  of  the  17th 
Century  to  a supposed  Property  of  the  Magnetic  Needle, 
since  verified  in  the  Invention  of  Telegraphy,”  by  Haeey 
Geimshaw,  F.C.S. 

Some  little  time  ago  my  friend,  the  Rev.  G.  W.  Reynolds, 
M.A.,  of  Cheetham  Hill,  directed  my  attention  to  a para- 
graph in  an  old  volume  in  his  possession  of  some  250  years 
of  age,  which  struck  me  as  a peculiarly  interesting  one  ; so 
much  so  in  fact,  that  I have  taken  the  IdDerty  of  bringing 
it  before  the  notice  of  this  Society. 

The  work  in  question  is  entitled,  “ An  Apologie  of  the 
Power  and  Providence  of  God  in  the  Government  of  the 
World,  or  An  Examination  and  Censure  of  the  Common 
Error  touching  Nature’s  perpetual  and  Universal  Decay, 
Divided  into  Four  Books.”  The  author  is  one  “G.  H.,”  D.D. 
(Doctor  of  Divinity),  and  the  work  is  printed  at  Oxford  by 
John  Litchfield  and  William  Turner,  “Printers  to  the 
famous  University.”  Anno  Domini  1627,  being  therefore 
exactly  250  years  old. 

The  third  book  of  the  four  into  which  the  work  is  divided 
treats  of  “ The  pretended  decay  of  mankind  in  regard  and 
duration,  of  strength  and  stature,  of  arts  and  wits.”  The 
tenth  chapter  of  this  third  book  is  said  to  be  “Touching 
diverse  artificial!  workes  and  usefull  inventions,  at  leastwise 
matchable  with  those  of  the  ancients,  namely  and  chiefly 
the  invention  of  Printing,  Gunnes,  and  the  Sea-Card  or 
Mariners  Compasse.”  This  tenth  chapter  again,  for  such  is 
Proceedings — Lit.  & Phil.  Soc. — Vol.  XVI. — No.  9. — Session  1876*7. 
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the  orderly  division  of  the  subjects,  is  sub-divided  into  four 
sections,  and  the  fourth  of  these  is  headed  “ Of  the  use  and 
invention  of  the  Mariners  Compasse  or  sea-card,  as  also  of 
another  excellent  invention  sayd  to  be  lately  found  out  upon 
the  Load-stone,  together  with  the  conclusion  of  this  com- 
parison touching  Arts  and  Wits,  with  a saying  of  Bodius, 
and  another  very  notable  one  of  Lactantius.” 

It  is  in  the  account  of  this  “ excellent  invention  sayd  to 
be  lately  found  out  upon  the  loadstone”  that  the  curious 
prevision  or  dream,  so  to  speak,  of  the  application  of 
electricity  as  a means  of  communication  occurs,  and  there  is 
small  wonder  that  the  old  philosopher  called  it  as  he  does 
further  on,  “an  excellent  and  secret  conclusion  upon  the 
stone,”  for,  whilst  perusing  his  description,  one  can  hardly 
imagine  that  the  writer  has  not  in  his  mind’s  eye  one  of  our 
most  modern  telegraphic  instruments.  I quote  the  paragraph 
in  its  entirety : — 

“ Another  excellent  and  secret  conclusion  upon  this  stone, 
pretended  to  be  found  out  in  these  latter  times,  is,  that  by 
touching  two  needles  with  the  same  stoue,  they  being 
severally  set  so  as  they  may  turne  upon  two  round  tables, 
having  on  their  borders,  the  Alphabet  within  circlewise,  if 
two  friends  agreeing  upon  the  time,  the  one  in  Paris,  the 
other  in  London  (having  each  of  them  their  table  thus 
equally  fitted)  be  disposed  upon  certayne  dayes  and  at 
certaine  houres  to  conferre,  it  is  to  bee  done  by  turning  the 
needle  in  one  of  the  tables  to  the  Alphabet,  and  the  other, 
by  Sympathie  will  turn  itself  in  the  same  manner  in  the 
other  table  though  never  so  farre  distant : which  conclusion 
if  infallibly  true,  may  likewise  proove  of  good  and  great  con- 
sequence ; howsoever  I will  set  it  down  as  I find  it  described 
by  Famianus  Strada  in  imitation  of  the  stile  and  vaine  of 
Lucretius'^ 

Magnesi  genus  est  lapidis  mirabile,  &c.,  &c, 
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Then  follows  the  extract  in  Latin,  with  the  English 
translation  in  verse  attached. 

It  will  be  acknowledged  by  anyone  familiar  with  the 
instrument,  that  the  dial  telegraph  of  Cooke  and  Wheat- 
stone, invented  subsequently  to  their  first  upright  needle 
form,  m_ost  curiously  carries  out  the  ideal  description  of  this 
old  author,  and  it  will  be  seen  that  the  date  at  which  his 
work  is  written  was  nearly  200  years  prior  to  the  first 
attempt  made  to  communicate  at  a distance  by  means  of 
magnetic  needles. 

The  following  dates  may  be  incidentally  mentioned  on 
this  point.  First,  in  1788,  Du  Fay  succeeded  in  transmit- 
ting the  electricity  from  an  excited  glass  tube  to  the  distance 
of  1256  feet  along  a wet  packthread.  Then  in  1748  Franklin 
set  fire  to  spirits  of  wine  by  means  of  a current  of  electricity 
passed  through  the  water  of  the  Shuylkill  river.  Neither 
of  these  experiments  were  however  undertaken  with  any 
idea  of  transmitting  signals,  the  first  attempts  of  this  kind 
being  perhaps  those  of  Lesage  and  of  Lomond,  in  1774  and 
1787  respectively,  who  used  the  divergence  of  pith  balls  to 
indicate  letters.  These  are  all  of  course  experiments  with 
statical  electricity,  and  we  have  to  come  down  to  Yolta  with 
his  discovery  of  the  Voltaic  Pile  in  1800  for  the  means  of 
applying  dynamical  electricity  for  the  purpose  in  question. 
Then  through  Oersted’s  discovery  of  the  action  of  electrical 
currents  on  the  magnetic  needle,  in  1819,  and  Ampere’s 
suggestion,  in  1820,  that  this  action  should  be  used  in  sig- 
nalling, we  come  to  Cooke  and  Wheatstone’s  first  patent  for 
a telegraphic  instrument  in  1887 ; bringing  us  through  a 
journey  of  just  about  200  years  in  order  to  arrive  at  our 
practical  realisation  of  this  vision  of  the  old  writer. 
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“ On  the  action  of  Water  and  dilute  Saline  solutions  upon 
Lead  ” Part  iii.  By  M.  M.  Pattison  Muie,  F.KS.E., 
Assistant  Lecturer  on  Chemistry,  the  Owens  College. 

1.  In  the  second  part  of  these  researches  (Proc.  Manch.  Lit. 
and  Phil.  Soc.,  xvi.  1)  I shewed  that  there  is  generally  an 
increase  in  the  solvent  action  of  water  and  dilute  saline 
solutions  upon  lead  when  the  experiments  are  carried  out 
in  beakers  covered  with  porous  paper ; also  that  exposure 
of  large  surfaces  of  liquid  to  the  surrounding  atmosphere 
generally  tends  to  increase  solvent  action.  Further  my 
experiments  led  me  to  conclude  that  the  solvent  action 
tends  to  attain  a maximum  when  the  volume  of  liquid  is 
large  in  proportion  to  the  surface  of  lead  exposed.  I also 
concluded  that  under  favourable  conditions  the  quantity  of 
lead  dissolved  increases  in  an  increasing  ratio  with  the  time 
during  which  the  action  is  allowed  to  proceed.  (Compare 
Par.  G).  Finally,  I expressed  my  belief  that  the  purity  of  the 
lead  upon  which  the  various  liquids  are  allowed  to  act,  very 
materially  conditions  the  solvent  action  of  those  liquids. 

In  the  present  communication  I propose  to  bring  forward 
further  experimental  evidence  as  regards  some  of  these 
points,  and  also  to  touch  upon  certain  circumstances  condi- 
tioniug  the  solvent  action  of  dilute  saline  solutions  upon 
lead  which  have  not  as  yet  been  studied. 

2.  And  the  first  point  which  demands  attention  is  one 
which  I merely  mentioned  in  my  second  paper,  viz..  Does  the 
relation  between  surface  of  lead  exposed  and  total  quantity 
of  liquid  influence  the  solvent  action  ? In  the  following 
experiments  the  surface  of  lead  exposed  was  maintained 
constant,  the  strength  of  the  saline  solution  was  also  un- 
changed, but  the  total  quantity  of  liquid  was  increased. 
Otherwise  the  experiments  were  carried  out  under  exactly 
similar  conditions. 
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Table  I. 


Experiments  carried  out  in  Beakers  half-pilled  with  liquid 
(SOOCB.C.  IN  each)  and  covered  with  unsized  PAPER:  DIAMETER 
OF  MOUTH  OP  Bbakerzz11*5c.m. 


Salt. 

Grams 
per  litre. 

Quantity 
of  liquid. 

Lead 

exposed. 

Lead  dissolved 
(Mgms.)  per  500cb.c. 
of  liquid. 

cb.c. 

sq.  cm. 

11  daj’s. 

21  days. 

Ammonmm  Nitrate . . . 

...  0-20  ... 

250  .. 

50  ... 

1-8 

...  1-5 

..  0-20  ... 

500  .. 

50  ... 

2-5 

...  2-5 

99  99 

..  0-20  ... 

750  .. 

50  ... 

2-5 

...  25 

99  99  • * • 

..  0-20  ... 

1000  .. 

50  ... 

2-5 

...  1-8 

Potassium  Nitrate  . . . 

..  0‘20  ... 

250  .. 

50  ... 

2 5 

...  1-8 

99  99  • • • 

..  0-20  ... 

500  ... 

50  ... 

1-5 

...  1-8 

99  99 

..  0-20  ... 

750  ... 

50  ... 

1-3 

...  1-3 

99  99 

..  0‘20  ... 

1000  ... 

50  ... 

1-0 

...  10 

Calcium  Chloride  . . . . 

..  0-20  ... 

500  ... 

50  ... 

2-5 

...  3-5 

99  99 

..  0-20  ... 

1500  ... 

50  ... 

1-3 

...  2-0 

Sometimes  a slight  increase  is  noticed  in  the  quantity  of 
lead  dissolved  by  equal  quantities  of  solutions,  when  the 
total  volume  of  liquid  is  increased,  on  the  other  hand  a 
slight  decrease  is  sometimes  noticed.  I think  that  so  far 
as  these  experiments  go,  we  may  conclude  that  a very  large 
volume  of  liquid  dissolves  no  more  lead  than  a relatively 
small  volume,  when  caused  to  act  on  the  same  amount  of 
metallic  surface. 

3.  The  second  question  calling  for  an  answer  is — Does 
the  quantity  of  lead  dissolved  increase  with  increase  of  time, 
or  is  there  a maximum  reached  after  which  no  further  in- 
crease is  noticeable  ? 

Various  experiments  were  carried  out.  Pieces  of  clean  lead 
were  immersed  in  different  saline  solutions  for  three  months, 
and  were  then  subjected  to  the  action  of  various  liquids. 
Comparable  experiments,  omitting  the  previous  lengthened 
immersion  in  saline  liquids,  were  also  carried  out.  Special 
experiments  in  reference  to  Potassium  Carbonate  are  de- 
tailed, inasmuch  as  in  my  last  paper  I had  provisionally 
concluded  that  in  the  presence  of  this  salt,  the  solvent  [action 
of  water  upon  lead  soon — comparatively  speaking— reaches 
a maximum, 
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Fresh  light  is  also  thrown  upon  the  question  now  under 
consideration  by  the  results  of  experiments  having  for  their 
special  object  a comparison  of  the  solvent  action  of  various 
liquids  upon  different  samples  of  lead.  (Par.  10.) 

Table  II. 

Lead  Immersed  in  strong  solutions  of  the  undermentioned  Salts 

FOR  THREE  MONTHS  : THEN  WASHED  WITH  A LITTLE  DiSTILLED 

Water,  and  Immersed  in  various  solutions. 

Experiments  carried  out  in  Beakers  half-filled  with  water 
(SOOcB.C.  IN  each)  and  covered  with  unsized  paper  : DIAMETER 
OF  MOUTH  OF  BEAKERrrll*5c.M. 


A. — Lead  immersed  in  strong  solution  of  Potassium  Carbonate. 


Surface 


Grams 

of  Lead 

Total  Lead,  in  Mgms.,  in  solution  after 

per  litre. 

exposed 

Then  in 

in  sq.  cm. 

6 days. 

15  days. 

38  days. 

62  days. 

Potassium  Carbonate. . 0’20  . 

. 50  ... 

trace  . 

..  trace  . 

. trace  ... 

trace 

„ Nitrate 0‘20  .. 

. 50  ... 

0-4  . 

. 1-0  . 

. 10  ... 

1-20 

Ammonium  „ 0 20  . 

. 50  ... 

1-5  . 

..  3-5  . 

. 20  ... 

1-00 

B. — Lead  immersed  in  strong  solution  of  Potassium  Hitrate. 

Then  in 

Potassium  Carbonate..  0-20  . 

. 50  ... 

0-20  . 

..  0-20  . 

. 0-20  ... 

0-30 

,,  Nitrate 0'20  . 

. 50  ... 

0 30  . 

. 0-30  .. 

. 0-20  ... 

0*30 

Ammonium  ,,  0'20  .. 

. 50  ... 

0-50  . 

. 0-50  .. 

. 0‘30  ... 

0*70 

C. — Lead  immersed,  in  strong  solution  of  Calcium  Chloride. 

Then  in 

Potassium  Carbonate..  0'20  .. 

. 50  ... 

0-20  .. 

. 0-20  .. 

. 0-20  ... 

0*50 

„ Nitrate 0’20  .. 

. 50  ... 

1-20  .. 

. 0-50  .. 

. 0-40  ... 

0*50 

Ammonium  „ 0'20  .. 

. 50  ... 

2-50  . 

. 0‘80  .. 

. 0-60  ... 

0*80 

D. — Lead  immersed  in  strong  solution  of  Ammonium  Suljghate. 

Then  in 

Potassium  Carbonate..  0’20  .. 

. 50  ... 

0-30  . 

..  0-50  . 

. 0-40  ... 

0*50 

„ Nitrate ; 0*20  .. 

. 50  ... 

3 00  . 

. 3 00  .. 

. 1-90  ... 

1*80 

Ammonium  „ 0*20  .. 

. 50  ... 

5-00  . 

. 1*30  .. 

. 0-30  ... 

1*00 

4.  In  order  to  compare  these  numbers  with  those  ob- 
tained by  submitting  the  same  amount  of  surface  of  the 
same  specimen  of  lead  to  the  action  of  distilled  water  con- 
taining equal  quantities  of  the  same  salts  during  the  same 
intervals  of  time,  I subjoin  the  following  determinations 
taken  from  a paper  already  read  before  this  Society, 
(xvi.,  p.  3.)  The  experiments  were  carried  out  under  exactly 
similar  conditions, 
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Table  III. 


Salt. 

Grams 
per  litre. 

Surface 
of  Lead  in 
sq.  c.m. 

Total  Lead 
in  solution, 
in  Mgms., 
after  18  days. 

Potassium  Carbonate,,. 

0-20 

50 

0.3 

,,  Nitrate  

0-20 

50 

2-4 

Ammonium  ,,  

0’20 

50 

3-8 

In  these  experiments  the  lead  had  not  been  previously- 
immersed  in  saline  solutions. 

5.  The  following  experiments  have  especial  reference  to  the 
action  of  time  in  determining  the  quantity  of  lead  dissolved 
by  a water  containing  Potassium  Carbonate  in  solution. 

Table  IY. 

Experiments  in  Beakers,  Corked  Flasks,  and  Basins,  details  of 

MEASUREMENTS,  &C.,  AS  IN  LAST  PaPER  (xvi.  p.  3).  In  EACH  CASE 
SOOCB.C.  OP  LIQUID  CONTAINING  0-20  GRAMS  OF  POTASSIUM  CaR' 
DONATE  PER  LITRE.  50  Sq.  CM.  OP  SURFACE  OP  LEAD  EXPOSED. 


8 days. 

Total  Lead,  in  Mgms., 
10  days. 

in  solution  after 
12  days. 

20  days. 

Flask 

0‘20  . 

0*20  

. 0‘20  

. 0-20 

Beaker  

0-30  . 

0-30  

0.30  

0-30 

Basin 

0-40  . 

0-40  

. 0-40  

, 0-40 

6.  The  results  of  these  experiments  are  rather  peculiar  : 
they  certainly  shew  that  the  action  upon  lead  of  all  the 
saline  liquids  with  which  I have  experimented  is  an  exceed- 
ingly complicated  one,  and  that  it  is  very  difficult  to  separate 
one  set  of  conditioning  circumstances  from  all  others. 

In  the  case  of  Potassium  Carbonate  a maximum  was  reached 
so  soon  as  at  the  end  of  eight  days : after  this  time  the 
quantity  of  lead  in  solution  did  not  increase.  If  however 
the  lead  have  been  previously  immersed  in  a solution  of 
either  Potassium  Nitrate,  Calcium  Chloride,  or  Ammonium 
Sulphate,  then  the  solvent  action  of  the  Potassium  Carbo- 
nate Solution  continues  to  increase  (at  least  throughout  so 
long  a period  as  62  days)  although  but  to  a very  slight 
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extent.  Generally  I conclude  that  the  solvent  action  of 
saline  solutions  continues  throughout  very  lengthened 
periods ; certainly  that  it  does  so  if  the  liquid  be  removed, 
and  fresh  liquid,  holding  the  same  or  other  salts  in  solution, 
be  put  in  its  place.  In  some  cases  however  a maximum 
point  appears  to  be  reached  after  the  expiry  of  14  days  or 
so,  after  which,  if  the  liquid  be  undisturbed,  little  or  no 
further  solvent  action  occurs. 

7.  In  some  of  these  experiments  a remarkable  result  is 
obtained,  viz. : the  quantity  of  lead  in  solution  is  found  to 
decrease  after  a certain  point  has  been  reached.  In  order  to 
determine  whether  the  same  result  could  be  obtained  when 
the  solvent  liquids  were  not  exposed  to  the  air,  the  following 
experiments  were  carried  out  in  corked  flasks  each  con- 
taining 500  cb.c.  of  water,  the  surface  of  lead  exposed 
amounting  as  before  to  50  sq.  cm. 


Table  Y. 


Salt. 

Grams 
per  litre. 

Total  Lead,  in  Mgms.,  dissolved  after 
15  days.  32  days.  38  days. 

Potassium  Carbonate.. 

0-20  ... 

...  0-40  ... 

...  0-30  ... 

...  0-30 

„ Nitrate 

0-20  ... 

...  090  ... 

...  0.70  ... 

...  060 

Ammonium  „ 

0-20  ... 

...  1-50  ... 

...  1-00  ... 

...  0-80 

8.  Here  again  we  have  a slight  decrease  in  the  solvent 
action  of  Solutions  of  Potassium  and  Ammonium  Nitrates 
upon  lead  taking  place  after  the  expiry  of  lengthened 
periods.  The  lead  would  appear  to  be  precipitated  from 
solution  after  a time.  A remarkable  instance  of  such  pre- 
cipitation will  be  detailed  in  a future  paragraph. 

9.  I must  now  consider  the  question  of  the  purity  of  the 
lead  itself  as  influencing  the  quantities  of  this  metal  dissol- 
ved by  various  liquids. 

The  experiments  were  carried  out  in  flasks  and  beakers. 

The  sample  of  “pure”  lead  was  found  to  contain  very 
small  traces  of  Manganese,  Iron,  and  Zinc : the  “ commercial” 
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sample,  No.  1,  contained  small  quantities  of  Antimony  and 
Tin,  very  little  Iron,  no  Manganese,  Copper,  or  Bismuth,  but 
traces  of  Aluminium  : the  impurities  in  No.  2 sample  were 
the  same  as  in  No.  1,  small  quantities  of  copper  being  also 
present.  The  results  are  very  startling.  With  No.  1 sample 
of  commercial  lead,  less  lead  was  dissolved  in  almost  every 
case  than  with  “pure”  lead;  with  No.  2 sample,  whose 
chemical  composition  appears  almost  the  same  as  that  of 
No.  1,  very  much  larger  quantities  were  dissolved.  I at 
once  supposed 'that  the  fact  noticed  by  some  previous  ex- 
perimenters, viz.,  that  mechanical  treatment  of  lead  alters 
its  power  of  withstanding  the  action  of  solvents,  must  have 
materially  influenced  the  results.  That  mechanical  treat- 
ment does  alter  lead  to  an  astonishing  degree,  so  far  as  the 
action  upon  it  of  saline  solution  is  concerned,  will  be  made 
apparent  from  the  experiments  detailed  in  par.  12. 

Table  VI. 


Experiments  in  Cork  Flasks,  nearly  filled  with  liquid  (SOOcb.c.) 


Salt.  Grams ' 

Surface 

“Pure”  Lead. 

Total  Lead, 
in  Mgms., 
dissolved 

Commercial 
Lead  No.  1. 
Total  Lead, 
in  Mgms., 
dissolved 

Commercial 
Lead  No.  2. 
Total  Lead, 
in  Mgms., 
dissolved 

per  litre. 

of  Lead. 

after 

after 

after 

sq.  cm. 

6 days. 

14  days. 

6 days. 

14  days. 

6 days. 

Distilled  Water  ...  — . 

..  25  .. 

. — 

..  1-2  . 

..trace 

..trace. 

..  12-0 

Potassium  Nitrate.  0 20  . 

..  25  .. 

. 09 

..  1-2  . 

..  0-3 

..  0-4  . 

5-0 

Ammonium  „ O' 20  . 

..  25  .. 

1-3 

.=  1-8  . 

..  T5 

..  1-0  . 

..  120 

Distilled  Water  ...  — . 

..  50  .. 

. 0-7 

..  0-9  . 

..  0-5 

..  0*5  . 

..  16-0 

Potassium  Nitrate.  0'20  . 

..  50  .. 

11  . 

..  1-2  . 

..  1-7 

..  0-5  . 

..  12-0 

Ammonium  „ 0‘20  . 

. 50  .. 

1-4  . 

..  1-5  . 

..  7-0 

..  7-0 

..  7-0 

Experiments  in 

Beakers,  500cb.c.  liquid 

IN  EACH, 

Distilled  Water  ...  — 

..  25  .. 

. 0-4 

..  0-5 

..  0.3 

..  0-3 

..  0*  5 

Potassium  Nitrate.  0*20 

..  25  .. 

. 0-4 

..  0-4 

..  0*3 

...  0*3 

. . trace 

Ammonium  „ 0‘20 

..  25  .. 

. 1*2 

..  2-0  . 

..  1-0 

...  1*0 

. . trace 

Distilled  Water  ...  — 

..  50  .. 

. 0-7 

...  1-2 

..  0-3 

...  0-3 

. . trace 

Potassium  Nitrate.  0 20 

..  50  .. 

. 1*4 

...  2-2 

..  0*3 

...  04 

. . trace 

Ammonium  „ 0‘20 

..  50  .. 

. 2-3 

...  3-5 

..  0-3 

...  0-5 

. . trace 

10.  These  experiments  appear  to  show  that  it  is  not  so 


much  the  chemical  purity  of  the  lead,  as  the  mechanical 
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treatment  to  which  it  has  been  subjected,  which  influences 
the  solvent  action  of  dilute  saline  solutions  upon  that  lead. 
But  the  most  remarkable  feature  in  the  numbers  contained 
in  Table  VI.  is  the  extraordinary  falling  off  in  the  quantities 
of  lead  dissolved  from  No.  2 commercial  sample  when  the 
experiments  were  carried  out  in  beakers,  as  compared  with 
the  quantities  dissolved  in  corked  flasks.  Taking,  for  in- 
stance, a solution  of  Ammonium  Nitrate  containing  0-20 
grams,  of  the  salt  per  litre  of  water,  it  is  found  that  500 
cbc.  of  this  liquid,  acting  upon  a surface  of  25sq.  cm.  of 
lead,  dissolves  12-0  mgms.  after  6 days’  action,  when  the  ex- 
periment is  carried  out  in  a corked  flask  nearly  filled  with 
liquid;  but  that  the  same  quantity  of  the  same  solution 
acting  on  the  same  surface  of  the  same  lead  is  only  able  to 
bring  a slight  trace  (i.e.  less  than  0.20  mgm.)  of  lead  into 
solution,  after  the  expiry  of  the  same  time,  when  the  experi- 
ment is  conducted  in  a beaker  half  filled  with  liquid  and  loosely 
covered  with  porous  paper.  The  conclusion  appears  to  be 
that  the  action  of  the  air  results  in  the  formation  of  an  in- 
soluble lead  salt.  That  this  conclusion  is  the  correct  one 
appears  from  the  following  experiments.  In  the  experiments 
with  No.  2 sample  of  commercial  lead  very  considerable 
precipitates  formed  on  the  lead  itself  and  on  the  bottom  of 
the  vessels  used.  This  was  the  case  both  in  those  experi- 
ments which  were  carried  out  in  corked  flasks  and  in  those 
in  beakers,  but  in  the  latter  cases  the  precipitate  generally 
appeared  somewhat  more  bulky.  On  withdrawing  a quantity 
of  the  clear  liquid — ^holding  lead  in  solution — from  the  flasks, 
and  exposing  it  to  the  action  of  the  air,  a precipitate  was  in 
each  case  almost  immediately  formed.  This  precipitate 
increased  in  amount,  until  after  a few  hours  a mere  trace  of 
lead  could  be  detected  in  solution : the  whole  of  the  lead 
had  been  precipitated  in  an  insoluble  form.  The  corks  were 
then  withdrawn  from  the  flasks,  and  the  mouths  loosely 
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covered  with  porous  paper : after  5 or  ^6  days  the  liquids 
contained  only  traces  of  lead  in  solution.  From  the  liquids 
containing  Ammonium  Nitrate  the  lead  was  precipitated 
more  slowly  than  from  any  of  the  others.  The  precipitate 
consisted  of  hydrated  carbonate  of  lead  2PhC03,  Ph(OH)2. 

11.  These  results  are  apparently  contradictory  of  those 
previously  obtained,  inasmuch  as  it  has  been  already  shewn 
that  in  most  cases  more  lead  is  dissolved  when  the  air  has 
free  access  to  the  surface  of  the  liquid,  and  that  the  larger 
the  surface  of  liquid  exposed  the  greater  is  the  amount  of 
solvent  action.  I believe  that  the  explanation  of  the  results 
is  to  be  sought  for  in  the  mechanical  state  of  the  samples  of 
lead  experimented  upon. 

12.  With  regard  to  the  influence  of  hammering  and  rolling 
upon  lead,  so  far  as  concerns  the  power  of  the  lead  to  withstand 
the  action  of  dilute  saline  solutions,  I have  meanwhile  only 
a few  experiments  to  bring  before  the  Society.  I propose, 
however,  to  investigate  this  subject  in  a more  systematic 
manner,  and  hope,  at  a future  date,  to  record  the  results. 

Table  VII. 


Effect  of  Hammering  and  Kolling  on  Lead. 
Experiments  in  Beakers  half-filled  with  liquid  (SOOcb.c.  in  each) 

COVERED  WITH  UNSIZED  PAPER. 


Surface 

Lead  dissolved. 

Salt.  Grams 

of  Lead.  Nature  of  Lead. 

in  Mgms.,  after 

per  litre. 

sq.  cm. 

11  days. 

21  days. 

Potassium  Nitrate...  0*20  . 
„ „ 0-20  . 

..  50  ...Thin  Lead' 

foil  “pure.”  J 
..  50  ...4  or  5 sheets" 

1-50  .. 

. 1-80 

of  same  lead 
rolled  to- 

trace  . 

. 0-30 

gether  into 
compact 

*26  days.. 

. 0-30 

piece ^ 

So  far  as  these  experiments  go,  rolling  several  sheets  of 
“pure”  lead  foil  into  one  compact  sheet,  very  materially  de- 
creases the  solvent  action  exercised  upon  that  lead  by  a 
liquid  containing  nitrates. 
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Table  VIII. 


Effect  of  Eolling  and  Hammering  on  samples  of  Commercial 

Lead  (Beakers). 

Sample  No.  1. 


Surface 

Lead  dissolved, 

Salt. 

Grams 

of  Lead. 

Nature  of  Lead. 

in  Mgms.,  after' 

per  litre. 

sq.  cm. 

6 day.o.  Ifdaj’s.^ 

Ammonium  Nitrate.. 

0-20  . 

..  25  . 

..  As  purchased. 

. 1-5  ...  1*0 

99  99 

. 0-20  . 

..  25  . 

. . Several  sheets ' 

) 

rolled  together 
then  hammered  ^ 

>27-0  ...10-0 

1 

99  99  •• 

0-20  . 

..  25  . 

..  Several  sheets ' 
hammered  to-  ( 
gether,  not  ( 

► trace...  trace 

rolled 


Kolling  several  sheets  of  this  lead  together  enormously 
increases  the  solvent  action  of  Ammonium  Nitrate  upon  the 
sample  : hammering  several  sheets  together  has  an  opposite 
effect. 

The  following  experiments  illustrate  the  effect  of  rolling 
the  original  samples  of  commercial  leads  into  thin  sheets. 

Table  IX. 

Experiments  carried  out  in  Corked  Flasks. 


Sample  No.  1. 

Surface 

Lead  dissolved, 

Salt. 

Grams 

of  Lead. 

Nature  of  Lead. 

in  Mgms.,  after 

per  litre. 

sq.  cm. 

6 days.  15  days. 

Water  

. — 

..  25  . 

..As  purchased.... 

..trace...  trace 

Potassium  Nitrate.. 

. 0-20  . 

..  25  . 

• • 99  • 

..  0-3  ...  0-4 

Ammonium  „ 

. 0-20  . 

..  25  . 

• • 99 

..  1-5  ...  I’O 

Water  

. — 

..  25  . 

..Polled  out  till' 
much  thinner . 

1 none . . . none 

Potassium  Nitrate.. 

0*20  . 

..  25  . 

‘ • 99 

..none...  none 

Ammonium  ,, 

. 0-20  . 

..  25  . 

« • • 

..trace...  trace 

Sample  No.  2. 

Water  

— 

. 25  . 

..As  purchased,... 

.12  0 

Potassium  Nitrate.. 

. 0-20  . 

..  25  . 

• • 99  • 

. 5-0 

Ammonium  „ 

0-20  . 

..  25  . 

. • 99  • 

.12*0 

W^ater  



. 25  . 

..Polled  out  till' 

1 , , 

much  thinner  ^ 

‘ Lx  cLC/ti/ • • • LJL^L/0 

Potassium  Nitrate.. 

0-20  . 

. 25  . 

. . •• 

.trace...  trace 

Ammonium 

0-20  . 

. 25  . 

••  99  «• 

. — ...100 
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Rolling  these  leads  into  thin  sheets  decreased  the  solvent 
action,  except  in  one  case,  No.  2 Sample  with  Ammonium 
Nitrate,  when  the  action  was  not  materially  influenced. 

Table  X. 


Experiments  carried  out  in  Beakers  (500cb.c.  liquid  in  each), 

LOOSELY  COVERED  WITH  POROUS  PAPER. 


Sample  No.  1. 

Surface 

Lead  dissolved, 

Salt. 

Grams 

of  Lead. 

Nature  of  Lead. 

in  Mgms.,  after 

per  litre. 

sq.  cm. 

6 days,  15  days. 

Water  

— 

...  50  . 

..As  purchased.... 

. 0-3  ...  0*3 

Potassmm  Nitrate.. 

. 0-20 

...  50 

• * 99  • 

..  0-3  ...  0-4 
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0-20 

...  50  . 

. 0*3  ...  0-4 
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— 

...  50  . 

..Polled  out  till' 
much  thinner  ^ 
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Potassmm  Nitrate.. 

0-20 

...  50  . 

. . 

.trace...  trace 

Ammonium  „ 

. 0.20 

...  50  . 

• • 99  • 

..trace...  trace 

Sample  No.  2. 

Water  

. — 

...  50  . 

..As  purchased... . 

..trace 

Potassium  Nitrate, , 

. 0-20 

...  50 

♦ • 99  • 

..trace 

Ammonium  „ 

. 0-20 

...  50 

• • 99  • 

..trace 

Water 

— 

...  50 

..Polled  out  till' 

1 trace 

much  thinner 

Potassium  Nitrate.. 

. 0-25 

...  50 

. . 99  . 

..trace 

Ammonium  „ 

. 0-25 

...  50 

• • 99 

..trace 

In  these  cases  rolling  also  tended  to  decrease  solvent 
action.  I hope  to  continue  these  experiments,  and  to  lay 
the  results  before  the  Society  at  another  time. 

18,  As  a general  rule  I observed  that  the  greater  the  quan*> 
tity  of  deposit  upon  the  lead  the  smaller  was  the  quantity 
of  lead  in  solution.  The  deposit  always  consisted  appar- 
ently of  the  same  salt,  and  appeared  as  light  shining  crystals, 
sometimes  arranged  in  beautiful  feathery  forms  upon  the 
surface  of  the  slips  of  lead.  Analysis  shewed  that  this  salt 
was  of  the  same  composition  as  that  noticed  several  years 
ago  by  Miller,  viz.,  2PbC08,  Pb(OH)2. 

14.  I wish  to  make  a correction  with  regard  to  the  action 
of  dilute  solutions  of  Calcium  Chloride  upon  lead.  In  part 
I.  of  the  present  papers  I stated  that  this  salt  retards  the 
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solvent  action  of  water  upon  lead  ; this  conclusion  was 
deduced  from  the  results  of  a single  experiment.  Since  that 
time  I have  performed  many  experiments  with  solutions  of 
the  salt  in  question,  and  the  general  result  is,  that  water 
containing  small  quantities  of  Calcium  Chloride  in  solution 
dissolves  decidedly  greater  quantities  of  lead  than  are  dis- 
solved by  pure  water  under  similar  conditions. 

“On  the  Increased  Mortality  from  Small- Pox,”  by  Joseph 
Baxendell,  F.R.A.S. 

At  a meeting  of  the  Chorlton  Board  of  Guardians,  held 
on  the  19th  January  last,  Dr.  Rice,  the  resident  medical 
officer  at  the  Chorlton  Workhouse,  presented  an  interesting 
and  valuable  report  on  the  cases  of  small-pox  treated  in  the 
workhouse  hospital  during  the  past  year ; and  I am  induced 
to  draw  the  attention  of  the  Society  to  it  because  it  cor- 
roborates in  a very  striking  manner  one  of  the  most  im- 
portant of  the  results  given  in  my  paper  “ On  Changes  in 
the  Rates  of  Mortality  from  Different  Diseases  during  the 
twenty  years  1854-73,”  namely,  that  the  rate  of  increase  m 
the  fatality  from  small-pox  had  of  late  years  become  very 
much  greater  among  adults  than  among  infants  and  young 
children. 

Dr.  Rice  states  that  203  cases  were  treated  in  the  hospital 
during  the  year,  and  he  then  gives  the  percentages  of  the 
vaccinated,  revaccinated,  and  unvacciuated  cases,  and  the 
percentages  in  each  class.  From  these  percentages  I have 
calculated  the  actual  numbers,  and  find  that  of  the  203 
cases  treated,  there  were 

149  vaccinated, 

3 re-vaccinated, 

51  un-vaccinated, 

and  amongst  the  vaccinated  there  were  17  deaths,  of  which 
16  were  adults  and  1,  a boy,  4 years  old;  and  amongst  the 
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unvaccinated  there  were  20  deaths,  of  which  14  were  adults 
and  6 under  5 years  of  age.  Of  the  total  deaths  therefore 
from  both  classes  only  19  per  cent  were  under  5 years  of  age 
and  the  remaining  81  per  cent  were  all  adults.  In  my 
paper  I have  shown  that  in  the  5 years  1848-52  the  deaths 
of  males  from  small-pox  at  ages  under  5 years  were  6 6 ’5  per 
cent  of  the  total  deaths  at  all  ages,  and  of  females  72*2  per 
cent,  hut  in  the  5 years  1869-73  the  proportions  had  fallen 
to  31  and  36’1  per  cent;  and  now  Dr.  Rice's  returns  give  a 
ratio  of  only  19  per  cent,  and  of  course  a corresponding 
increase  in  the  percentage  of  deaths  of  adults,  thus  showing 
that  the  causes  which  produced  the  extraordinary  increase 
in  the  mortality  from  small-pox  among  adults  during  the 
20  years  1854-73  are  not  only  still  in  operation  but  have 
apparently  become  intensified. 

Dr.  Rice  states  that  of  the  51  unvaccinated  persons  there 
were  some  who  stated  that  vaccination  had  been  performed 
but  on  careful  examination  no  evidence  of  it  could  be  found ; 
it  is  however  well  known  to  those  who  have  a moderate 
acquaintance  with  the  literature  of  the  subject  and  who 
have  themselves  made  careful  inquiries  and  observations, 
that  the  marks  left  by  a really  successful  vaccination  not 
unfrequently  entirely  disappear  in  a few  years,  and  in 
numerous  cases  they  become  so  indistinct  that  on  the  slight- 
est attack  of  small-pox  it  is  impossible  to  discern  them. 
J enner  himself  regarded  with  suspicion  all  those  cases  of 
so-called  vaccination  which  disfigured  the  arms  and  there- 
fore left  marks  which  were  likely  to  be  permanent,  and  he 
contended  that  in  such  cases  true  vaccination  had  not  taken 
place  owing  to  the  lymph  used  being  impure  or  in  a bad  state, 
and  in  this  view  he  was  supported  by  some  of  the  most 
eminent  of  his  medical  brethren.  Now  bearing  this  in 
mind,  it  is  not  at  all  unreasonable  to  assume  that  great 
numbers  of  cases  have  been  recorded  in  the  hospitals  as 
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vaccinated,  in  which  much  suffering  had  certainly  been 
inflicted  in  the  name  of  vaccination,  but  without  true  vaccina- 
tion having  taken  place, while  on  the  other  hand  greatnumhers 
have  most  probably  been  recorded  as  un vaccinated  on  whom 
true  vaccination  had  been  successfully  performed.  It  is 
evident  therefore  that  the  statistics  of  vaccinated  and 
unvaccinated  small-pox  cases  are  of  very  little  value  for  the 
purposes  of  a scientific  investigation,  and  that  the  only  safe 
conclusions  to  be  drawn  from  the  entire  mass  of  small-pox 
statistics  we  at  present  possess  are  that  there  has  been  an 
enormous  increase  in  the  mortality  from  small-pox  since 
vaccination  was  made  compulsory,  and  that  this  increase  is 
still  going  on  rapidly,  but  at  a very  much  greater  rate 
amongst  adults  than  amongst  infants  and  young  children. 

Since  writing  the  above  my  attention  has  been  drawn  to 
the  paragraphs  which  have  appeared  in  some  of  the  news- 
papers in  reference  to  a proposal  to  introduce,  in  the  present 
session  of  Parliament,  a bill  for  making  the  revaccination  of 
adults  compulsory.  I have,  therefore,  now  no  hesitation  in 
submitting  to  the  Society  some  further  results  which,  I 
think  it  will  be  admitted,  show  more  conclusively  than 
those  given  in  my  paper  that  a full  and  impartial  inquiry 
into  the  effects  of  vaccination  is  imperatively  called  for 
before  further  legislation  on  the  subject  takes  place. 

As  the  best  test  of  the  value  of  vaccination,  I have  dis- 
cussed the  small-pox  statistics  of  London — the  best  vacci- 
nated city  in  the  kingdom — and  compared  the  results  for 
the  five  years  1849-53,  before  vaccination  was  made  com- 
pulsory, with  those  for  the  five  years  1869-73,  when  com- 
pulsory vaccination  had  been  twenty  years  in  operation. 
In  the  former  five  years,  when  vaccination  was  voluntaiy, 
and  the  number  of  vaccinated  persons  probably  did  not 
amount  to  10  per  cent  of  the  total  population,  the  death- 
rate  from  small-pox  in  London  was  *292 ; but  in  the  latter 
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five  years,  when  vaccination  had  been  strictly  carried  out 
for  twenty  years,  and  the  number  of  vaccinated  persons  was 
95  per  cent  of  the  population,  the  rate  was  *679,  thus  showing 
the  extraordinary  increase  of  132-5  per  cent. 

For  the  reasons  given  above  I have  very  little  confidence 
in  the  great  hulk  of  the  returns  of  the  numbers  of  vaccinated 
and  unvaccinated  cases  of  small-pox,  but  for  my  present 
purpose  I will  take  the  numbers  given  in  the  official  report 
of  the  cases  treated  in  the  London  hospitals  during  the  great 
epidemic  of  1871.  Out  of  a total  of  14,808  cases  treated 
2,763  died.  11,174  cases  occurred  in  persons  vaccinated, 
of  whom  1,135  died;  and  3,634  in  persons  unvaccinated,  of 
whom  1,628  died.  The  total  deaths  from  small-pox  in 
London  during  the  five  years  1869-73  yv-ere  11,059,  and 
taking  the  above  proportion  the  number  of  deaths  of  vacci- 
nated persons  was  4,542,  and  the  death  rate  -293,  or  fully 
equal  to  the  total  death-rate  of  unvaccinated  and  vaccinated 
before  a compulsory  law  was  passed.  The  number  of  un- 
vaccinated in  1869-73  was  6,517,  and  the  death-rate  no  less 
than  8-009,  or  27*4  times  greater  than  the  small-pox  death- 
rate  in  1849-53,  and  considerably  above  the  highest  rate 
ever  experienced  in  this  country  before  inoculation  or 
vaccination  were  known.  But  unvaccinated  persons  like 
the  vaccinated  die  from  other  causes  besides  small-pox,  and 
it  follows,  therefore,  if  the  returns  of  unvaccinated 
cases  which  I have  used  in  my  calculations  can  be 
relied  upon,  that  the  number  of  unvaccinated  persons  now- 
living  in  London  must  be  excessively  small  and  utterly 
inadequate  to  account  for  the  present  epidemic.  The  truth, 
however,  no  doubt  is,  that  a large  proportion  of  the  cases 
returned  as  unvaccinated  were  really  vaccinated,  and  that 
the  true  death-rate  of  the  vaccinated  was  greater  than  that 
given  above,  whilst  that  of  the  unvaccinated  was  much  less 
than  the  calculated  rate. 
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From  the  imperfect  data  I have  been  able  to  obtain  it 
would  appear  that  the  proportion  of  deaths  to  cases  in 
1849-53  was  about  one-fifth.  For  every  100  deaths  there 
would  thus  be  500  cases  of  sickness ; but  in  London,  after 
20  years  of  compulsory  vaccination,  there  was  not  only  an 
enormously  increased  death-rate,  but  for  every  100  deaths 
amongst  the  vaccinated  persons  there  were  984  cases  of 
sickness,  or  nearly  double  the  number  there  were  amongst 
the  unvaccinated  before  vaccination  was  made  compulsory; 
and,  as  I have  shown  in  my  paper  above  referred  to,  the 
number  of  deaths  of  persons  between  the  ages  of  25  and  65 
years  had  greatly  increased  during  the  20  years  of  enforced 
vaccination.  So  far,  therefore,  from  vaccination  having  been 
the  means  of  saving  many  thousands  of  lives  annually,  as 
has  often  been  very  rashly  stated,  the  stern  facts  recorded 
in  the  Annual  Reports  of  the  Register- General  prove  beyond 
all  question  that  in  the  best  vaccinated  city  in  the  kingdom 
the  death-rate  among  the  vaccinated  alone  is  now  equal  to 
that  which  prevailed  among  the  un vaccinated  before  com- 
pulsory vaccination  laws  were  passed ; that  the  number  of 
cases  of  illness  from  small-pox  has  nearly  doubled,  and  that 
the  relative  number  of  deaths  of  adults  has  also  greatly 
increased. 

At  the  time  of  the  plague  it  was  observed  that  while 
small-pox  was  almost  exclusively  confined  to  children,  the 
plague  occurred  principally  among  adults ; that  persons 
having  once  had  an  attack  of  small-pox  were  seldom  known 
to  have  a second,  but  second  and  even  third  attacks  oi 
plague  were  of  common  occurrence;  and  that  while  the 
plague  was  found  to  be  highly  infectious,  small-pox  was 
regarded  as  being  only  contagious,  or  but  very  slightly 
infectious.  But  small-pox  is  now’  regarded  as  the  most 
infectious  of  existing  diseases,  and  for  some  years  past 
numerous  cases  of  second  attacks  haye  occurred  among  both 
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unvaccinated  and  vaccinated  persons,  and,  as  I have  already 
shown,  it  is  now  more  fatal  to  adults  than  to  children.  It 
is  evidently,  therefore,  gradually  assuming  the  leading 
features  of  the  dreaded  plague ; and,  as  it  is  at  the  same 
time  rapidly  extending  its  ravages  in  spite  ot  vaccination, 
it  becomes  a matter  of  grave  importance  to  ascertain  the 
cause  of  the  change  in  order  that  means  may  be  devised  to 
arrest  its  progress  and  counteract  its  effects. 


MICKOSCOPICAL  AND  NATUEAL  HISTOEY  SECTION. 
January  15  th,  1877. 

E.  W.  Binney,  Esq.,  F.RS.,  F.G.S.,  Vice-President  of  the 

Section,  in  the  Chair. 

“ On  the  Occurrence  of  Crataegus  oxyacanthoides  (Thuill.) 
in  the  neighbourhood  of  Manchester,”  by  Chakles  Bailey, 
Esq. 

In  a paper  already  published  in  the  “Proceedings”  of 
the  Society,  “ On  the  Hawthorns  of  the  Manchester 
Flora,”  I pointed  out  that  three  species  of  Cratcegus  occurred 
in  this  neighbourhood.  The  most  frequent  of  these  is  the 
CrcBtagus  monogyna,  Jacq.,  and  it  is  easily  recognised  by 
the  diverging  veins  of  the  leaf  and  by  the  single  style.  A 
second  species,  the  G.  Jcyrtostyla,  Fingh.,  occurs  in  Botany 
Bay  Wood,  near  Worsley ; but  it  has  not,  to  my  knowledge, 
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been  detected  in  any  other  locality  in  the  neighbourhood, 
possibly  on  account  of  its  being  passed  over  for  G.  monogyna; 
its  leaves  are  similar,  but  its  one  to  two-styled  flowers,  and 
pubescent  calyx  and  peduncle  will  always  distinguish  it 
from  that  species.  The  third  species,  C.  oxyacanthoides, 
ThuilL,  has  hitherto  been  represented  in  our  flora  by  a single 
plant,  at  Marple ; but  the  specimens  now  exhibited  from  three 
new  stations,  discovered  last  year  near  Manchester,  extend 
the  area  of  its  distribution  in  this  part  of  England ; these 
stations  are  Cressbrook  Dale  and  Wardlow  Hay  Cop,  in 
Derbyshire,  and  Taxal,  in  Cheshire.  The  specimens  of 
Gratcegus  oxyacanthoides,  from  Derbyshire,  clearly  belong 
to  the  typical  species  described  in  English  Botany,  ed.  iii., 
and  are  at  once  identified  by  the  converging  veins  of  the 
leaf  and  by  the  two-styled  flower.  Of  the  three  new  sta- 
tions now  reported  for  this  species,  the  one  situate  on  the 
eastern  flank  of  Wardlow  Hay  Cop  gives  the  best  evidence 
of  the  species  being  indigenous  with  us,  although  only  two 
or  three  bushes  were  to  be  found.  The  Cressbrook  Dale 
station,  which  is  on  the  western  side  of  Wardlow  Hay  Cop, 
furnishes  one  bush  in  a hedge  by  the  road  side,  and  may 
have  been  introduced  from  some  distant  locality.  The 
nativity  of  this  species  in  the  Taxal  station  is  much  more 
doubtful,  as  there  is  but  one  old  shrub  growing  on  the  re- 
mains of  a deserted  lawn;  this  plant,  further,  shows  an 
approximation  to  C.  monogyna  in  the  variation  of  its  leaves, 
and  to  C.  oxyacanthoides  by  its  two  styles ; in  many  respects 
it  approaches  an  Austrian  species,  the  C.  intermedia,  Schur., 
but  I am  unable  to  refer  it  to  that  species  from  the  absence 
of  authentic  data.  I exhibit  a set  of  British  Hawthorns  in 
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illustration  of  these  remarks,  and  amongst  the  varieties  is  a 
fruiting  example  of  C.  monogyna  var.  pinnatijida,  from 
Arnside,  Westmoreland. 

^‘List  of  Desert  Plants  collected  at  Ramleh,  near  Alex- 
andria, Egypt,  from  September,  1875,  to  April,  1876,”  by 
H.  A.  Huest,  Esq. 

In  placing  before  the  section  a list  of  the  plants  collected 
during  the  winter  of  1875* — 1876,  at  Ramleh,  Egypt,  I 
may  remark  that  there  is  another  place  of  the  same  name 
in  Palestine,  between  Joppa  and  Jerusalem.  In  both  cases 
I believe  the  name  to  be  derived  from  the  Arabic  R-M-L, 
signifying  sand ; its  derivative  Ramleh  being  used  to  express 
a desert.  It  is  a narrow  slip  of  undulating  sandy  ground, 
between  the  Lake  Maadieh  on  the  right  hand,  looking 
north,  and  the  sea  on  the  left.  It  abuts  on  the  ground, 
where  Csesar  had  his  camp,  B.C.  48,  remnants  of  which 
remained  till  lately,  when  its  traces  were  almost 
completely  effaced  by  Ismael  Pacha,  the  stones  being  taken 
to  build  one  of  his  many  palaces.  This  is  a very  striking 
building,  at  present  uninhabited,  and  one  of  Egypt’s  many 
monuments  to  waste.  Ramleh  is  interesting  to  the  English- 
man, as  the  site  of  the  Battle  of  Alexandria  in  1801,  when 
the  English,  under  Sir  Ralph  Abercromby,  defeated  the 
French,  who  were  then  in  possession  of  Egypt.  It  will  be 
remembered  that  the  leader  fell,  mortally  wounded,  in  the 
action. 

At  the  present  moment  the  place  bears  much  the  same 
relation  to  Alexandria  which  Bowdon  does  to  Manchester, 
or  Richmond  to  London.  There  is  a railway  running  to  it 
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from  Alexandria,  the  farthest  station  being  about  five  miles 
distant  from  Cleopatra’s  Needle  and  the  ground  is  sprinkled 
over  with  well  built  villa  residences,  to  which  English, 
Greek,  and  Italian,  and  other  residents  of  Alexandria  resort 
during  the  warmer  months  of  the  year  some  even  making 
it  their  permanent  abode.  The  dwelling  houses  cease 
entirely  about  six  miles  from  Alexandria,  where  uninhabited 
desert  is  reached.  Botanically  speaking,  the  district  may  be 
divided  into  three  portions,  the  sea  coast,  the  desert,  and 
the  irrigated  margins  of  Lake  Maadieh,  the  plants  of  which 
the  following  is  a list  were  collected  in  the  two  former 
districts.  I hope  on  a future  occasion  to  bring  before  you 
those  found  on  the  irrigated  land  in  the  vicinity  of  Ramleh 
and  Alexandria  generally. 

It  is  stated  that  the  migratory  birds  pass  from  Europe  to 
Africa  and  Asia  by  three  routes,  the  most  westerly  being  by 
Gibraltar,  the  central  by  Malta,  and  the  most  easterly  by 
Greece,  Cyprus,  and  Egypt.  I am  inclined  to  think  that  the 
point  for  which  these  last  birds  direct  their  course  is  Ram- 
leh ; the  coast  being  comparatively  conspicuous  both  from 
its  height  and  from  the  waves  generally  breaking  on  its 
shores.  This  may  possibly  account  for  some  ot  the  plants 
there  found. 

According  to  Boissier,  one  of  the  most  ancient  botanical 
explorations  was  that  of  Prosper  Alpius,  in  the  sixteenth 
century ; Lippi  also  travelled  in  the  country  at  the  com- 
mencement of  the  eighteenth  century ; but,  although  it  may 
be  true  that 


Vixere  fortes  ante  Agamemnona,” 
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still  it  is  from  Linn^us  and  his  foUowers  that  we  in  the 
present  age  date  our  knowledge. 

Forskahl  (a  pupil  of  Linnaeus)  arrived  in  1761  in  Egypt, 
and  it  was  from  his  Flora  Egyptiaco-Arabica  that  Europe 
first  became  acquainted  with  the  Egyptian  flora.  He 
appears  to  have  been  a most  extraordinary  man.  He  was 
robbed  and  ill-treated  and  (it  is  reported)  sold  as  a slave  in 
Egypt.  Though  sufiering  from  constitutional  timidity,  and 
often  nearly  broken  down  by  .sickness,  the  extraordinary 
enCTgyand  perseverance  with  which  he  examined  the  vege- 
tation of  Egypt  and  Arabia  produced  a work  unsurpassed 
in  its  day.  The  hardships  he  underwent  prevented  his 
surviving  to  publish  it.  We  are  indebted  to  his  friend 
Niebuhr  for  its  appearance,  and  it  is  remarkable  as  being 
one  of  the  first  books  in  which  the  relation  of  vegetation  to 
climate  is  taken  as  an  object  of  importance.  For  many 
years  the  Flora  Egyptiaco-Arabica  was  the  only  good 
account  we  had  of  the  plants  of  those  countries.  In  the 

following  list  I have  aimed  at  giving  his  synonymes  of  all 
the  plants  enumerated. 

Delile  subsequently  published  in  the  Botanique  de  I’Ex- 

pedition  d’Eg^pt  a very  valuable  account  of  its  vegetation, 
with  excellent  engravings. 

In  later  years  Ehrenberg  and  Hemprich,  Dr.  Kuppel, 
Aucher  Eloy,  Bond,  Schimper,  Boissier,  Kralik,  and  more' 
recently  Samaritan!,  Cadet  de  Eontenay,  and  Dr.  Gaillardot, 
have  examined  this  district. 

It  does  not  appear  to  have  attracted  the  attention  of  any 
Englishman  except  Henry  Calvert,  Vice-Consul  at  Alex- 
andria, to  whom  I am  greatly  indebted  for  assistance. 
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Judge  Latourneax,  of  the  new  Courts  in  Alexandria,  an 
able  botanist  from  Algeria,  has  this  year  I believe  taken  to 
Paris  a very  complete  list  of  the  Kamleh  plants. 

Meanwhile  Dr.  Oscar  Schneider  has  published  an  inte- 
resting though  incomplete  list  in  the  Isis,’'*Dresden  Heft  111, 
1871.  The  authority  on  the  subject  to-day  is  however 
Boissier’s  Flora  Orientalis,  the  first  volume,  printed  in  1867, 
hardly  does  justice  to  the  Egyptian  Flora,  but  the  sub- 
sequent volumes  leave  nothing  to  be  desired  and  are  above 
my  feeble  praise.  It  is  a magnificent  work,  worthy  of  any 
age  or  country,  and  will  rank  with  Decandolle’s  Prodromus, 
though  only  local  in  application  instead  of  cosmopolitan  as 
that  work  is. 

[The  List  of  Plants  will  probably  appear  in  the  Society’s 
Memoirs.] 
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Ordinary  Meeting,  March  6th,  1877. 

E.  W.  Binney,  F.R.S.,  F.G.S.,  President,  in  the  Chair. 

Mr.  Thomas  Mackereth  and  Mr.  Alfred  Brothers  were 
appointed  Auditors  of  the  Treasurer’s  Accounts. 

The  Peesident  said  that  since  his  Notice  of  Some  Organic 
Remains  from  the  Schists  of  the  Isle  of  Man,  read  before 
the  Society  on  the  26th  day  of  December  last,  he  had  again 
examined  the  slates  at  Derby  Castle,  on  the  north  side  of 
Douglas  Bay.  These  beds  of  hard  slates  are  perforated 
with  holes,  generally  of  an  oval  form,  about  a foot  above 
high-water  mark  and  the  same  distance  below.  In  them 
he  found  live  specimens  of  the  Littorina  littorea,  and  from 
the  general  resemblance  of  the  shape  of  the  holes  to  the 
mouth  of  that  shell  it  appeared  to  him  that  it  was  probable 
they  might  be  made  by  that  animal.  He  certainly  had 
never  heard  of  its  boring  or  excavating  powers;  but  he 
brought  it  before  the  Society  for  the  purpose  of  obtaining 
information  on  the  subject.  It  was  well  known  that  the 
teeth  of  the  whelk  had  great  cutting  powers,  but  he  had 
not  seen  it  noticed  that  the  Littorina  had. 

Professor  Balfouk  Stewaet,  LL.D.,  F.R.S.,  gave  an 
account  of  the  Sun  Spot  and  Magnetical  Observations 
which  have  been  made  at  the  Kew  Observatory,  and  exhi- 
bited diagrams  showing  that  the  maximum  and  minimum 
ranges  of  variation  of  magnetic  declination  generally  lagged 
behind  those  of  solar  spot  frequency  by  a period  of  about 
six  months. 

Proceedings — Lit.  & Phil.  Soc. — Vol.  XYI. — No.  10. — Session  1876-7. 
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“ Note  on  Early  Anticipations  of  a Magnetic  Telegraph,” 
by  Professor  W.  S.  Jevons,  M.A.,  F.KS. 

Mr.  Harry  Grimshaw,  F.C.S.,  drew  attention,  on  Feb- 
ruary 20th,  to  the  very  interesting  fact  that  physicists  had 
two  or  three  centuries  ago  imagined  the  possibility  of 
making  distant  communications  by  the  use  of  the  magnetic 
needle,  and  he  has  pointed  out  a work  containing  allusions 
to  a magnetic  telegraph.  This  curious  subject  has  not  re- 
ceived the  attention  which  it  seems  to  deserve,  but  it  was 
not  wholly  unknown.  The  Abbe  Moigno,  in  his  Traite  de 
Telegraphie  Electrique  (Paris,  1852),  alludes  to  what  he 
calls  this  “Charmant  reve,  ou  operation  necromancienne,” 
and  he  points  out  that  Addison  had  quoted  the  remarkable 
verses  of  Famianus  Strada  in  the  Sjoectator,  No.  241.  Addi- 
son speaks  of  “a  chimerical  correspondence  between  two 
friends  by  the  help  of  a loadstone.”  Strada’s  remarkable 
lines  are  also  quoted  and  translated  in  Mr.  George  Dodd's 
account  of  “ Railways,  Steamers,  and  Telegraphs : a Glance 
at  their  recent  Progress  and  Present  State”  (Chambers,  1867). 

About  ten  years  ago  I spent  some  trouble  in  investigating 
this  curious  anticipation  of  the  telegraph,  but  only  published 
the  results  in  the  form  of  a brief  anonymous  article  in  a 
weekly  newspaper.  I found  allusions  to  a magnetic  tele- 
graph running  through  many  scientific,  or  quasi-scientific, 
v/orks  of  the  16th  and  17th  centuries.  Sir  Thomas  Browne, 
in  his  Pseudodoxica  Epidemica,  says : — “ The  conceit  is 
excellent,  and,  if  the  effect  would  follow,  somewhat  divine 
and  he  speaks  of  it  as  a conceit  “whispered  thorow  the 
world  with  some  attention,  credulous  and  vulgar  auditors 
readily  believing  it,  and  more  judicious  and  distinctive 
heads  not  altogether  rejecting  it.”  Sir  Thomas,  it  would 
seem,  submitted  the  matter  to  experiment,  but  found  that 
though  the  needles  were  separated  but  half  a span,  when 
one  was  moved  “the  other  would  stand  like  Hercules 
pillars.” 
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Joseph  Glanvill,  in  his  Scepsis  Scientifica  (1665),  dis- 
cusses the  objections  of  Sir  Thomas  Browne,  and  concludes 
that  there  are  some  hints  in  natural  operation  that  give 
us  probability  that  it  is  feasible.”  How  can  we  read  with- 
out wonder  these  words  written  by  Glanvill  more  than  200 
years  ago.  Though  this  pretty  contrivance  possibly  may 
not  yet  answer  the  expectation  of  inquisitive  experiment, 
yet  ’tis  no  despicable  item  that  by  some  other  such  way  of 
magnetick  efficiency  it  may  hereafter  with  success  be  at- 
tempted, when  magical  history  shall  be  enlarged  by  riper 
inspections;  and  ’tis  not  unlikely  but  that  present  disco- 
veries might  be  improved  to  the  performance.”  It  is  evident 
that  Glanvill  treats  the  matter  quite  seriously  as  a scientific 
possibility.  The  Marquis  of  Worcester  probably  refers  to 
the  magnetic  telegraph  when  he  speaks  of  “ intelligence  at 
a distance  communicative,  and  not  limited  to  distance,  nor 
by  it  the  time  prolonged.”  (Dirck’s  Life  of  Worcester, 
p.  857.) 

I tried  to  trace  these  notions  to  the  first  inventor,  but,  as 
might  be  expected,  without  much  success.  Strada  attributed 
the  invention  to  the  celebrated  Cardinal  Bembo,  the  secre- 
tary of  Leo  X.,  but  as  Bembo  (who  died  1547)  was  a historian 
and  literary  character,  it  is  hardly  likely  that  he  would 
originate  a scientific  conception  of  the  sort.  The  earliest 
books  in  which  I have  found  allusions  to  a magnetic  tele- 
graph is  the  Natural  Magic  of  Baptista  Porta,  published  in 
1589.  In  the  seventh  book  he  describes  the  “wonders  of 
the  magnet,”  saying  in  the  preface,  “ I do  not  fear  that  with 
a long  absent  friend,  even  though  he  be  confined  by  prison 
walls,  we  can  communicate  what  we  wish  by  means  of  two 
compass  needles  circumscribed  with  an  alphabet.”  In  the 
eighteenth  chapter  of  the  same  book,  he  describes  the  experi- 
ment of  putting  a magnet  under  a table  and  moving  thereby 
a needle  above  the  table.  This  experiment,  as  Porta  remarks 
was  known  to  St.  Augustine,  and  an  exact  description  will 
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be  found  in  his  “ De  Civitate  Dei,”  a work  believed  to  have 
been  begun  A.D.  413.  It  seems  probable  that  this  passage 
in  St.  Augustine  suggested  the  notion  either  to  Porta,  Bembo, 
or  some  early  Italian  writer,  and  that  thus  it  came  to  be, 
as  Sir  Thomas  Browne  says,  “whispered  thorow  the  world.” 

“Note  on  a Passage  in  Strada  containing  a Prevision  of 
the  Electric  Telegraph,”  by  William  E.  A.  Axon,  M.B.S.L., 
F.S.S. 

The  interesting  quotation  from  Hakewill’s  Apology 
brought  by  Mr.  Grimshaw  before  the  last  meeting  of  this 
Society,  seems  to  need  an  additional  word  of  comment. 
Hakewill,  it  will  be  remembered,  quotes  a passage  of  Latin 
verse  from  Strada  in  which  he  supposes  the  loadstone  to 
have  such  virtue  that  “ if  two  needles  be  touched  with  it, 
and  then  balanced  on  separate  pivots,  and  the  one  be  turned 
in  a particular  direction,  the  other  will  sympathetically 
move  parallel  to  it.  He  then  directs  each  of  these  needles 
to  be  poised  and  mounted  on  a dial  having  the  letters  of 
the  alphabet  arranged  round  it.  Accordingly,  if  one  person 
has  one  of  the  dials  and  another  the  other,  by  a little  pre- 
arrangement as  to  details,  a correspondence  can  be  main- 
tained between  them  at  any  distance  by  simply  pointing 
the  needles  to  the  letters  of  the  required  words.”  The  date 
of  the  first  edition  of  Hakewill’s  Apologie  or  Declaration  of 
the  Power  and  Providence  of  God  in  the  Government  of  the 
World  is  1627 ; but  the  work  of  Strada’s  from  which  he 
quotes  was  published  ten  years  earlier.  Famianus  Strada 
was  born  at  Rome  in  1572,  and  his  Prolusiones  Academecise 
et  Paradigmata  Eloquentise  appeared  at  Rome  in  1617. 
Several  editions  of  his  Prolusiones  have  been  printed  in 
this  country.  The  particular  poem  referring  to  the  load- 
stone has  been  translated  into  English  and  is  printed  in 
“The  Student  or  Oxford  and  Cambridge  Miscellany,”  1750. 
The  passage  is  referred  to  by  Addison  in  a paper  in  the 
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SpeotatoTy  No.  241,  and  in  tlie  Guardian,  No.  119.  In  the 
former  of  these  he  adds : “ In  the  meanwhile,  if  ever  this 
invention  should  be  revived  or  put  in  practice,  I would  pro- 
pose that  upon  the  lover’s  dial  plate  there  should  be  written 
not  only  the  four-and-twenty  letters,  but  several  entire 
words  which  have  always  a place  in  passionate  epistles  : as 
flames ; darts ; die ; language  ; absence ; Cupid ; heart ; 
eyes ; hang ; drown;  and  the  like.  This  would  very  much 
abridge  the  Lover’s  pains  in  this  way  of  writing  a letter,  as 
it  would  enable  him  to  express  the  most  useful  and  signifl- 
cant  words  with  a single  touch  of  the  needle.” 

Akenside,  in  speaking  of  the  laws  of  association  and  sym- 
pathy, says : — 

For  when  the  different  images  of  things, 

By  chance  combined,  have  struck  the  attentive  soul 
With  deeper  impulse,  or  connected  long, 

Have  drawn  her  frequent  eye  ; howe’er  distinct 
Th’  external  scenes,  yet  oft  the  ideas  gain 
From  that  conjunction  an  eternal  tie 
And  sympathy  unbroken.  Let  the  mind 
Recall  one  partner  of  the  various  league. 

Immediate,  lo  ! the  firm  confederates  rise, 

And  each  his  former  station  straight  resumes  : 

One  movement  governs  the  consenting  throng, 

And  all  at  once  with  rosy  pleasure  shine. 

Or  all  are  saddened  with  the  glooms  of  care. 

’Twas  thus,  if  ancient  fame  the  truth  unfold. 

Two  faithful  needles,  from  the  informing  touch 
Of  the  same  parent-stone,  together  drew 
Its  mystic  virtue,  and  at  first  conspir’d, 

With  fatal  impulse  quivering  to  the  pole  ; 

Then,  though  disjoin’d  by  kingdoms,  though  the  main 
Roll’d  its  broad  surge  betwixt,  and  different  stars 
Beheld  their  wakeful  motions,  yet  preserv’d 
The  former  friendship,  and  remembered  still 
The  alliance  of  their  birth ; whate’er  the  line 


168 


Which  one  possessed,  nor  pause  nor  quiet  knew 
The  sure  associate,  ere  with  trembling  speed 
He  found  its  path  and  fixed  unerring  there. 

^Pleasures  of  the  Imagination,  Book  iii.) 

This  passage  is  cited  in  Dr.  Thomas  Brown’s  Philosophy 
of  the  Human  Mind,  (16th  ed.,  1846,  ii.  220). 

Strada’s  fancy  is  also  referred  to  in  the  Abridgements  of 
Specifications  relating  to  Electricity  and  Magnetism  (1859, 
p.  xliii),  “Saturday  Keview,”  August  21,  1858,  p.  190; 
Moigno  : Traite  de  Telegraphie  Electrique,  p.  58-59,  and  in 
Keddie’s  Literary  and  Scientific  Anecdotes,  where  several 
of  the  above  references  are  to  be  found. 

It  is  to  be  noticed  that  the  effect  is  ascribed  to  the  power 
of  sympathy.  This  was  an  important  doctrine  of  the  time, 
and  reached  transcendental  heights  in  the  hands  of  Sir 
Kenelm  Digby. 

“On  the  Law  of  Force  when  a Thin  Homogeneous  • 
Spherical  Shell  exerts  no  Attraction  on  a Particle  within 
it,”  by  J.  H.  PoYNTiNG,  B.A.,  B.Sc. 

If  a homogeneous  thin  spherical  shell  of  uniform  thick- 
ness exert  no  attraction  on  a particle  within  it,  then  the 
law  of  the  force  is  the  law  of  nature. 

Professor  Maxwell  uses  this  proposition  (Electricity, 
vol.  i.,  § 74)  to  deduce  the  law  of  the  force  between 
electrified  bodies,  and  shows  that  it  proves  far  more  con- 
clusively than  any  direct  measurements  of  electrical  forces 
that  the  law  is  that  of  the  inverse  square.  It  would  there- 
fore be  an  advantage  to  have  a simpler  proof  of  such  an 
important  proposition  than  that  given  by  Laplace  (Mec. 
Celeste,  liv.  ii.,  cap.  2)  and  followed  by  Maxwell.  The 
following  seems  more  simple  as  it  requires  neither  integra- 
tion nor  the  solution  of  a functional  equation : — 

Let  P be  any  point  inside  the  spherical  shell,  C the  centre 
of  the  sphere,  DPCE  the  diameter  through  P,  and  APB 
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perpendicular  to  CD.  In  New- 
ton's proof  of  the  proposition  that 
if  the  law  of  attraction  he  that 
of  the  inverse  square  the  force  at 
P is  zero,  the  surface  is  divided 
into  an  indefinitely  great  number 
of  opposite  elements  by  small 
cones  having  their  vertices  at  P, 
fhe  attractions  of  each  of 
these  pairs  of  elements  are  shown  to  balance  each  other. 
We  stall  first  shew  that  if  the  attraction  at  P be  zero,  then 
It  follows  inversely  that  for  at  least  one  position,  if  not  for 
all  positions  of  the  cone  MPm,  besides  the  position  APB, 
the  attractions  of  the  opposite  elements  balance  each  other 

and  we  shall  thence  prove  that  the  law  of  attraction  must 
u6  that  of  the  inverse  square. 

Let  us  supple  the  cone  with  vertex  at  P to  move  round 
rm  the  position  where  AB  is  its  axis  to  any  other  position 
Pm.  At  AB  the  attractions  of  the  opposite  sections  on  P 
are  equal  whatever  the  law  of  the  force.  As  the  cone 
leaves  AB  let  us  suppose  the  resultant  attraction  of  the  two 
opposite  elements  to  be  no  longer  zero,  but  to  act,  say,  towards 
the  centre  side  of  APB.  Then  it  will  either  continue 
owards  that  side  as  the  cone  moves  all  the  way  round 
lom  B^  to  BPA  or  it  will  vanish  at  some  position,  and 
then  act  in  the  opposite  direction.  In  the  first  ease  we 
s ould  have  a number  of  forces  all  acting  from  P towards 
he  same  side  of  APB,  wiiose  resultant  is  zero.  Then  each 
separate  force  must  be  zero.  In  the  second  case  the  resultant 
attraction  of  the  opposite  sections  vanishes  somewhere 
etween  AP  and  EP.  Then  for  at  least  one  position  of  the 
cone,  besides  the  position  APB,  the  resultant  attraction  of 
the  opposite  sections  vanishes. 

Since  this  is  true  for  any  position  of  P,  we  can  show  that 
the  law  of  the  force  must  be  that  of  the  inverse  square. 
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In  the  position  where  the  two  opposite  sections  exert 
equal  attractions,  two  sections  of  the  same  thickness  per- 
pendicular to  the  axis  of  the  cone  would  also  exert  equal 
attractions,  for  they  would  bear  to  each  other  the  same 
ratio  as  the  two  oblique  sections  made  by  the  sphere  since 
these  two  oblique  sections  make  equal  angles  with  the  axis 
of  the  cone.  Then  what  we  have  proved  is  that  for  every 
position  of  P there  are  two  different  distances  for  which  the 
attractions  of  the  sections  of  a small  cone  of  equal  thickness 
on  a point  at  its  vertex  are  equal. 

Let  us  take  VMa5  to  n fig:  2 

represent  the  axis  of  a 

cone  of  very  small  angle  V M x 

of  which  V is  the  vertex. 

At  any  point  M draw  an  ordinate  MN  to  represent  the 
attraction  of  a section  of  the  cone  at  M of  small  given  thick- 
ness on  a point  at  the  vertex.  Then  N will  trace  out  a 
curve  as  M moves  along  Nx. 

Now  take  a spherical  shell  of  thickness  equal  to  the 
thickness  of  the  sections  of  the  cone,  and  of  radius  nearly 
equal  to  VM,  where  M is  any  arbitrary  point  in  Nx.  Take 
a point  near  the  centre  of  this  sphere.  As  a cone  moves 
round  with  this  as  vertex,  its  sections  by  the  sphere  must 
be  always  at  distances  very  nearly  equal  to  the  radius  from 
the  vertex,  and  by  what  we  have  proved  above  for  some 
position  of  the  cone  the  attractions  of  the  opposite  sections 
must  be  equal.  Therefore  (in  fig.  2),  for  two  distances  very 
nearly  equal  to  YM  the  ordinates  must  be  equal  to  one 
another.  Then  the  tangent  to  the  curve  near  N must  be 
parallel  to  Nx.  But  M is  arbitrary,  for  we  can  take  the 
sphere  of  any  size,  therefore  at  all  points  the  tangent  to  the 
curve  is  parallel  to  ~Yx,  and  therefore  the  curve  must  be  a 
straight  line  parallel  to  Nx,  or  the  attractions  by  sections 
of  the  cone  of  equal  thickness  are  constant  wherever  the 
sections  be  taken.  But  the  sections  are  proportional  to  the 
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direct  square  of  the  distance,  and  therefore  the  law  of 
the  attraction  must  be  that  of  the  inverse  square  of  the 
distance. 

Mr.  Arthur  Wm.  Waters,  F.G.S.,  read  a paper  entitled 
“ Enquiries  concerning  a Change  of  Position  of  the  Earth’s 
Axis,”  in  which  he  said  that  the  cause  of  the  greater  warmth 
in  high  latitudes  during  the  tertiary  period  has  not,  accord- 
ing to  the  opinion  of  many,  yet  received  any  satisfactory 
solution. 

The  arctic  Miocene  flora  was  considered.  356  Miocene 
species  have  already  been  determined  from  latitude  70-77  N. 
in  Spitzbergen  and  Greenland,  and  include  Taxodium  (swamp 
cypress  of  Texas),  Sequoia , birch,  lime,  oak,  beech,  plane,  and 
even  magnolia ; so  that  Prof.  Heer,  by  comparison  of  the 
localities  of  these,  says  that  the  temperature  must  have  been 
30°  F.  warmer  than  at  present.  F ossil  floras  of  the  Cretaceous, 
Jurassic,  and  Carboniferous  periods  have  been  discovered 
within  the  arctic  circle.  Most  of  the  plants  are  unable  to 
resist  a severe  cold,  besides  requiring  a warm  summer,  and 
it  seems  difficult  to  accept  the  fact  of  their  flowering  and 
ripening  their  seeds,  where  the  winters  are  so  long  and  the 
summers  so  short,  and,  apart  from  the  lower  temperature, 
where  the  amount  of  light  is  so  much  diminished. 

Several  theories  have  been  brought  forward  to  explain 
the  cold  of  the  glacier  period,  the  generally  received  one 
being  that  of  Mr.  Croll,  that  the  glacial  periods  were  brought 
about  indirectly  from  an  increase  in  the  eccentricity  of  the 
earth’s  orbit,  modified  by  the  obliquity  of  the  eliptic.  In 
the  longer  and  colder  winters  more  snow  fell,  which  the 
summer  could  not  melt  away,  so  that  the  earth  now  covered 
gets  little  of  the  warmth  of  the  sun.  As  this  explanation 
has  not  always  been  thought  quite  satisfactory  with  regard 
to  the  greater  warmth,  the  change  of  the  position  of  the 
earth’s  axis  has  from  time  to  time  been  suggested  on  various 
grounds. 
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It  was  suggested  that  there  are  three  causes  which  might 
change  the  position  of  the  axis,  viz.,  distortion  of  the  earth 
by  continental  and  local  upheaval  alteriog  the  centre  of 
gravity,  and  thus  changing  the  position  of  the  axis ; the 
removal  of  water  by  elevation  of  land  displacing  the  ocean ; 
and  the  removal  of  matter  in  solution ; and  these  two  last, 
though  not  considered  to  be  the  most  important  in  amount, 
were  considered  more  in  detail. 

According  to  Mr.  T.  Millard  Keade,  in  a paper  on  Geolo- 
gical Time,  read  as  a presidential  address  to  the  Liverpool 
Geol.  Soc.,  1876-77,  about  one  ton  of  solid  matter  is  removed 
in  solution  by  the  drainage  in  each  square  mile,  so  that  it 
was  shown  about  5000  million  tons  are  removed  from  the 
land  surface  each  year ; so  that  in  ten  years  a weight  equal 
to  that  of  Vesuvius  is  removed  from  the  land  to  the  oceanic 
area  by  this  means ; and  as  there  is  more  land  in  the  north- 
ern hemisphere,  this  gives  a gain  for  the  southern  hemi- 
sphere of  3230  million  tons  over  the  northern.  If  the  earth 
is  divided  into  a land  and  water  hemisphere  with  England 
as  a centre,  the  gain  of  the  weight  of  the  water  hemisphere 
is  about  4300  million  tons,  or  one  Vesuvius  in  twelve  years, 
the  place  of  greatest  gain  being  about  45°  S.  and  the  great- 
est loss  45°  N.  in  antipodal  positions. 

A statement  of  Sir  G.  B.  Airy’s  in  the  “ Athenseuin,” 
1860,  was  taken  to  see  what  effect  special  alteration  would 
have. 

Bemoving  a weight  equal  to  that  of  Asia  1000  feet  high 
from  the  centre  of  the  land  hemisphere,  and  adding  a similar 
weight  at  the  antipodes  in  a sinking  Pacific  Ocean,  leaving 
the  remaining  portion  in  each  hemisphere  balanced  by  the 
natural  configuration,  would  give  an  alteration  of  from 
18 — 27  miles.  This  alone  would  require  13  million  years  at 
the  present  rate  of  denudation,  but  there  are  many  causes, 
some  of  which  were  mentioned,  which  would  very  much 
reduce  the  time  required  for  this  amount  of  soluble  denuda- 
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tion,”  so  that  it  might  he  reduced  to  one  or  two  million  years, 
and  the  vast  thickness  of  calcareous  rocks,  which  are  only  the 
record  of  othws  from  which  they  were  partly  formed,  shows 

how  many  times  such  areas  must  have  been  transported 
from  land  to  sea. 


The  sinking  of  an  area  equal  to  the  continent  of  Asia  to 
the  mean  depth  of  the  ocean  would  bring  a weight  of  water 
sufficient,  if  the  antipodes  were  a suboceanic  rising  area, 
to  displace  the  position  of  the  axis  40 — 60  miles  by  the 
same  manner  of  calculation.  It  may  he  thus  seen  that 
these  may  he  disturbing  or  starting  forces,  but  do  not  give 
a large  amount  of  change  directly,  and  that  the  one  to  three 
degrees  which  Mr.  George  Darwin,  M.A.,  aUows  is  aU  that 

we  should  expect  in  recent  geological  times  unless  there  is 
some  cumulative  effect. 


Mr.  Waters  maintained  that  if  the  change  was  caused  by 
1 ion  of  weight,  then  the  earth  in  readjustment  would 
cause  phenomena  equivalent  to  an  elevation  in  those  semi- 
hemispheres from  which  the  maximum  bulge  has  been 
removed,  displacing,  if  it  should  be  an  oceanic  area,  an 
amount  of  water  to  be  placed  in  another  region;  the  maxi- 
rnum  effect  of  each  degree  of  change  is  of  the  weight  of 
the  bulge,  and  the  possibility  of  a redistribution  of  land  and 
sea  preventing  a change  in  an  opposite  direction  of  the  mo- 
tion  ol  the  poles  was  pointed  out. 

The  astronomical  objections  are  that  any  such  movement 
ot  the  axis  would  be  discoverable  from  the  earth’s  and  moon’s 
motions,  that  is,  by  precession  and  mutation  of  the  equinoxes 
which  are  caused  by  the  attraction  of  the  sun  and  moon  on 
le  equatorial  bulge.  It  is  from  no  sufficient  chanae  in 
these  motions  that  we  have  been  told  the  figure  of  rotation 

Sr  Th  f Irl 

on),  but  this  has  been  based  upon  a preternatural  rigidity  of 
the  earth  which  is  not  now  maintained  by  all  physicists.* 

* Sir  William  Thomson  says  in  his  Glasgow  addi-ess  • “ A a-  t 
tion  of  the  earth  as  a whole  would  never  rn-om  . 

— 
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It  has  been  seen  how  the  forces  under  consideration  may 
have  acted  in  opposite  directions,  and  a consideration  of 
recent  geological  phenomena  shows  that  while  large  areas 
have  been  elevated  it  has  not  taken  place  steadily  and  un- 
interruptedly, but  that  there  have  been  elevations  and  sub- 
sidences (or  kindred  phenomena)  many  times  repeated, 
so  that  if  we  turn  to  the  north  of  Europe,  in  Belgium, 
or  to  Italy,  we  find  for  a general  elevation  of  a few 
hundred  feet  to  have  taken  place  since  the  middle  of 
the  tertiaries  there  have  been  subsidences  and  elevations  of 
many  thousand  feet  in  each  direction.  Now,  with  the 
number  of  forces  at  work  and  the  irregTilar  distribution  of 
land  and  sea,  it  may  be  said  that  a reversal  of  conditions  in 
one  part  could  not  take  the  axis  back  to  exactly  the  same 
place ; in  other  words,  the  axis  might  tack. 

The  great  changes  in  the  tertiaries  were  briefly  con- 
sidered, showing  how  much  change  of  level  has  taken 
place. 

Mr.  Waters  said  the  points  he  wished  to  bring  forwai'd 
are,  that  a change  of  the  position  of  the  axis  would  eluci- 
date many  facts  which  have  not  yielded  to  any  other 
explanation,  and  that  a change  of  the  position  must  take 
place,  but  that  only  a small  amount  could  be  directly 
proved ; but  if  there  is  a cumulative  effect,  then  it  may  be 
explained,  and  the  idea  thrown  out  for  examination  by 
physicists  was  whether  the  frequent  changes  in  direction 
which  are  caused  by  forces  working  in  various  parts  of  the 
world  would  not  thus  give  a sufficient  increase  to  the 
amount  calculated. 

When  speaking  of  recent  papers  bearing  on  this  subject 
the  author  read  the  following  foot-note  ; — 

Since  this  paper  was  written,  “ Le  Deplacement  Polaire  ” 
of  Dr.  Jules  Garret  has  come  into  my  hands.  This  little 
work  is  written  to  demonstrate  from  various  grounds  that 
the  position  of  the  axis  has  changed,  but  without  enquiring 
into  the  cause.  The  greater  part  of  the'  book  is  devoted  to 
proving  that  the  present  distribution  of  land  and  sea  can 
only  be  explained  by  such  a change,  and  this  he  thinks 
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explains  the  polar  land  area  and  the  antipodal  position  of 
nearly  all  the  land  to  water  areas.  And  he  shows  that  the 
effect  of  a change  of  position  of  the  axis  with  the  unequal 
diameters  of  the  earth,  which  are  unequally  divided  by  the 
centre  of  gravity,  will  he  to  cause  the  land  to  he  antipodal 
to  the  water,  and  the  slight  exceptions  are  near  to  the 
circumference,  dividing  the  glohe  into  land  and  water  hemi- 
spheres, which  is  where  the  exceptions  would  he  expected. 

By  these  exceptions  he  concludes  that  the  poles  have 
moved  in  a curved  direction.  If  we  divide  the  earth  hy  a 
plane  (grand  circle  polaire)  perpendicular  to  the  equator 
and  to  the  direction  in  which  the  position  of  the  poles  have 
been  changing,  the  points  of  intersection  at  the  equator 
form  two  pivots  for  this  motion,  and  here  the  effect  of  re- 
adjustment will  be  a minimum,  while  before  and  behind 
will  be  an  area  of  elevation  and  submergence  respectively. 
If  the  motion  is  curved,  the  plane  {g.c.jp.)  we  have  just  sup- 
posed must  cut  the  tangent  of  this  curve  at  right  angles. 
The  changing  position  of  this  tangent  changes  the  position 
of  the  plane,  and  the  points  of  intersection  are  removed 
from  the  elevation  to  the  submergence  area  on  one  side,  and 
the  opposite  points  from  the  submergence  to  the  elevation 
area,  so  that  land  antipodal  to  land  is  the  consequence. 


MICROSCOPICAL  AND  NATURAL  HISTORY  SECTION. 

February  12  th,  1877. 

W.  Boyd  Dawkins,  F.R.S.,  President  of  the  Section,  in 

the  chair. 

Contributions  to  the  Life  History  of  A cidalia  Contiguaria 
(Hiibner),  communicated  by  Joseph  Sidebotham,  Esq., 
F.R.A.S, 
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This  species  of  geometer  is  one  of  the  rarest  in  Great 
Britain,  and  tlie  following  notes  upon  it  may  be  of  interest 
to  the  members  of  our  Society. 

Acidalia  Contiguaria  was,  I believe,  first  captured  by  the 
late  Mr.  Weaver,  on  the  road  between  Conway  and  Pen- 
maenmaur,  about  the  year  1840.  I have  in  my  possession 
one  of  the  original  specimens;  it  has  since  then  been  met  with 
occasionally,  always  in  the  same  district,  a little  East  or 
W est  of  Conway.  The  larva  is  supposed  to  seed  on  Empetrum 
nigrum.  Mr.  Greening,  of  Warrington,  has,  I believe,  reared 
the  moth  from  larvae,  but  I have  seen  no  specimen  nor  any 
record,  although  several  friends  of  mine  have  specimens  in 
their  cabinets,  supplied  by  him. 

During  my  stay  at  Llandudno  last  summer  on  account  of 
health,  my  friend  Mr.  Capper,  of  Liverpool,  went  over  many 
times  to  the  hills  about  Conway,  and  succeeded  in  finding  a 
few  specimens  of  Acidalia  Contiguaria,  some  of  which  he 
brought  to  me  in  a living  state ; one  of  the  moths  laid  a few 
eggs  on  the  16th  of  July.  The  larvae  appeared  on  the  22nd; 
they  were  very  small,  so  as  to  be  scarcely  visible  without  a 
magnifying  glass.  Not  being  able  to  procure  Empetrum 
nigrum,  I put  into  a small  bottle  of  water  in  the  box  or 
cage  sprigs  of  Erica  cinerea  and  Polygonum  aviculare,  both 
of  which  they  appeared  to  eat ; as  the  latter  was  more  easily 
procurable,  they  were  fed  chiefly  upon  it,  although  I supplied 
them  with  Erica  when  practicable.  The  larvae  varied  con- 
siderably in  colour,  from  an  ochre  brown  to  grey.  On 
the  22nd  of  August,  just  one  month  from  their  being 
hatched,  some  of  them  began  to  spin  their  cocoons ; these 
were  formed  of  very  loose  silk  mixed  with  small  grains  of 
peat,  with  which  I had  furnished  them,  and  were  fastened 
in  the  angles  of  the  small  cage.  The  first  moth  emerged 
from  pupa  on  the  9th  of  September,  and  of  the  8 or  9 that 
had  spun  up,  most  of  them  had  become  moths  by  the  end  of 
the  month.  The  remainder  of  the  larvae  are  still  in  the  larva 
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state,  and  will  probably  not  spin  up  before  Spring.  I was 
anxious,  if  possible,  to  perpetuate  the  breed  (especially  as 
the  species  may  be  extirpated  or  become  very  rare,  owing 
to  the  heather  and  grass  on  the  hills  where  it  occurs  having 
been  all  burned  shortly  after  the  middle  of  July). 

The  first  female  escaped,  but  from  another  I obtained 
about  80  eggs;  these  hatched  on  the  8th  October.  The  cold 
weather  had  almost  destroyed  Polygonum  aviculare,  so  it 
became  important  to  find  a plant  the  larvae  would  feed  upon 
which  was  procurable  during  the  Winter,  so  I placed  in  a 
bottle  sprigs  of  Stellario  media,  Senecio  vulgaris,  and  Erica 
Mediterranea,  along  with  such  Polygonum  aviculare  as  I 
could  meet  with,  and  I was  pleased  to  find  that  the  young 
larvae  took  very  kindly  to  both  the  former  species.  Shoitly 
afterwards  I had  to  leave  home  for  the  South  of  France,  and 
left  the  larvae  in  charge  of  my  son.  The  report  from  him, 
dated  Nov.  20th,  says,  the  larvae  are  feeding  and  thriving 
well : whether  they  will  spin  up  before  Spring  or  not  I can- 
not say,  but  I think  it  probable  they  will  become  partially 
torpid  during  the  Winter  months,  and  feed  up  and  spin  in 
the  Spring.  The  larvae  hatched  in  July  which  did  not  spin 
up  are  still  in  the  larva  state,  and  take  very  little  food,  and 
I think  they  will  continue  in  the  same  condition  until 
towards  next  May. 

Additions  to  the  List  of  Shells  from  Cymmeran  Bay, 
Anglesea.  Part  IV.  By  John  Plant,  F.G.S. 

During  the  spring  and  autumn  of  1876  the  shores  were 
assiduously  searched,  and  the  sea  dredged  along  the  coast, 
chiefly  on  the  shingly  banks  where  the  oysters  and 
Cardium  echinatum  are  found  so  abundantly.  The  bottom 
of  the  oyster  boats  were  carefully  examined  and  afforded 
many  choice  specimens  of  the  smaller  shells  with  the 
animal  either  living  or  dead  within  the  shells. 

The  season,  however,  was  not  at  all  favourable  for  shore- 
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strewn  shells  compared  with  the  two  seasons  preceding. 
Stormy  weather  was  not  so  frequent  or  so  powerful,  and 
there  was  an  absence  of  the  great  rollers  which  effectually 
plough  up  the  seaweed  and  shingle  from  the  banks  lying 
about  two  miles  off  the  shore.  As  a rule,  great  storms 
bring  the  fruitful  harvest  for  the  naturalist.  Searching 
these  sandy  shores  after  ordinary  or  quiet  tides  is  generally 
an  unprofitable  labour. 

Thirty-three  species  have  been  added  to  the  former  lists 
from  this  locality,  during  this  season.  Amongst  the  foreign 
things  which  came  up  in  the  dredge  were  valves  of  Perna 
ephippiuvi  and  a young  chama,  relics  from  a wreck  which 
took  place  in  the  bay  a few  years  back  to  a vessel  laden 
with  pearl  shells  from  the  Indies.  At  present  one  part  of 
the  rocky  bay  is  strewn  with  the  great  valves  of  the  large 
Pernse,  the  rocky  bottom  preventing  them  from  being 
dredged. 

ADDITIONAL  SPECIES. 

155.  Pholas  dactylus ; rare. 

156.  Saxicava  arctica;  several  dredged  and  living  shells  agi’ee  so 

well  with  the  figures  and  descriptions  of  authorities,  that  I 
do  not  hesitate  to  identify  my  specimens  with  the  species. 
Forbes  gives  Anglesea  as  a locality  for  it. 

157.  My  a arenaria;  found  on  the  shore  at  Aberffraw. 

158.  Solecurtus  Candidas  j found  also  at  Aberffraw. 

159.  Tapes  virginea ; dredged. 

160.  Venus  casina;  dredged  alive.  In  the  “Corrections”  which  I 

communicated  to  the  Section,  March,  1876  (Proc.  vol.  xv. 
p.  139),  this  species  was  eliminated  under  the  impression 
that  my  former  specimens  were  worn  Venus  verrucosa. 
However  that  may  be,  these  present  living  specimens  prove 
that  V.  casina  is  native  in  the  bay. 

161.  Astarte  sulcata;  dredged  living  of  good  size.  A very  young 

one  had  previously  been  found  on  the  shore. 

162.  Astarte  triangularis;  three  valves  of  this  well-marked  species 

were  found  in  an  oyster  boat. 
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163.  Cardium  nodosum;  a few  perfect  shells  from  the  oyster  boats, 

showing  that  it  lives  in  the  bay  in  about  15  fathoms  water. 

164.  Kellia  suborbiculata ; this  occurs  as  a small  variety  only  half 

the  normal  size. 

165.  Crenella  discors ; dredged. 

166.  Crenella  nigra;  one  valve  agreeing  accurately  with  true  spe- 

cimens of  this  species  in  the  Museum  collection  by  Mr. 
Charlesworth. 

167.  Leda  caudata;  three  valves  of  this  pretty  species  found  in 

the  oyster  boats. 

168.  Anomia  aculeata  (I)  I am  not  certain  about  this;  the  shells 

are  small,  and  it  may  possibly  turn  out  to  be  the  fry  of  a 
patelliformis. 

169.  Trochus  montagni;  one  specimen  dredged. 

170.  Trochus  tumidus;  a good  number  of  this  shell  was  dredged. 

171.  Eissoa  costulata ; one  specimen. 

172.  „ proxima;  eighteen  specimens. 

173.  „ soluta;  nineteen  specimens. 

174.  Eissoa  rubra;  five  perfect  specimens.  Of  the  Eissose  named 

in  former  lists  the  following  were  found  in  considerable 
numbers  E.  striata,  ulvae,  parvus,  cingillus,  costata,  and 
labiosa;  a variety  of  E.  parva  was  found  ornamented  with 
coloured  zigzag  lines  like  a Phasianella  pullus. 

175.  Skenea  divisa;  two  specimens.  S.  rota  has  only  once  been 

found,  whilst  3.  planorbis  is  abundant. 

176.  Cerithium  reticulatum;  found  abundantly. 

177.  Adis  nitidissima;  rare. 

178.  Chemnitzia  formosa ; rare. 

179.  Otina  otis;  two  specimens  of  this  delicate  shell. 

180.  Velutina  laevigata;  ten  specimens. 

181.  Lamelaria  perspicua;  sixteen  specimens. 

182.  Cerithiopsis  tubercularis;  rare. 

183.  Trophon  muricatus;  three  specimens  dredged. 

184.  Cylichna  truncata ; four  of  this  well-marked  shell. 

185.  Cylichna  mammilata ; found  in  good  numbers. 

186  Philine  catena;  fourteen  specimens. 

187.  Convolvulus  bidentatus ; sixteen  specimens. 
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To  the  present  time  the  number  of  species  collected  at 
Cymmeran  amounts  to  one  hundred  and  eighty-seven ; it  is 
quite  possible  that  further  researches,  especially  by  dredging, 
will  increase  the  list  to  two  hundred  species.  Of  the  species 
dredged  alive,  which  have  been  only  previously  found  on 
the  shore,  I may  particularise  the  following: — Saxicava 
rugosa,  Venus  ovata  and  fascia ta,  Lucina  borealis — to  the 
specimens  of  this  last  species  I may  remark  that  although 
I am  bound  to  agree  with  the  opinion  of  Mr.  K.  D.  Darbi- 
shire  that  none  of  them  belong  to  Lucina  leucoma,  I must 
maintain  that  it  would  be  taken  by  any  less  authority  for 
the  latter  species.  It  appears  to  be  a permanent  and  small 
variety  of  L.  borealis ; for  out  of  more  than  200  specimens 
taken  at  Cymmeran,  the  largest  valve  measures  a little  over 
half  an  inch  long  and  barely  half  an  inch  wide.  Most  of 
the  specimens  are  less,  and  yet  are  adult.  A normal  L. 
borealis  from  other  localities  is  an  inch  an  a half  long  and  of 
corresponding  height.  Other  species  dredged  are,  Crenella 
marmorata  and  discors,  Nucula,  Pectunculus,  Pecten  maxi- 
mus,  opercularis,  pusio,  varius,  Danicus  and  tigrinus,  Anomia 
several  species,  Pileopsis,  Trochus  ziziphinus,  Nassa  reticu- 
lata, Trophon  clathratus  and  muricatus. 

Cyprsea  Europsea  is  an  abundant  species,  and  occurs  so 
fresh  and  bright  that  there  is  no  doubt  it  lives  in  the  bay, 
especially  as  the  young  shells  are  often  found  on  the  sands. 

It  is  singular  that  a shell  so  abundant  in  most  localities 
as  Turritella  communis  should  be  so  rare  at  Cymmeran; 
even  Aporrhais  is  much  more  plentiful  than  Turritella. 

The  following  twenty-five  species  are  the  commonest, 
following  in  the  order  given  : — 

Patella  vulgata,  athletica  and  pellucida,  Donax  anatinus, 
Littorina  3 species,  Pecten  varius,  pusio,  opercularis  and 
maximus,  Mactra  2 species,  Venus  striata,  Tellina  solidula. 
Tapes  pullastra,  Cardium  echinatum  and  edule,  Modiola 
modiolus,  Anomia  ephippium,  Ostrea  edulis,  Trochus 
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umbilicatus,  Cypraea,  Buccinum  undatum,  Cypriua  Islan- 
dica. 

Footprint  of  “Dinornis,”  Bones  of  “Dinornis”  and  “Dodo.” 
By  John  Plant,  F.G.S. 

The  author  stated  that  in  1839  a fragment  of  a femur  of 
a bird  was  sent  from  New  Zealand  to  Professor  Owen. 
From  it  the  learned  osteologist  felt  authorized  in  establish- 
ing the  genus  “Dinornis,”  to  include  a race  of  giant 
Struthious  birds  which  had  not  been  seen  alive  in  New 
Zealand  since  Pleistocene  times.  In  the  course  of  the 
thirty-seven  years  since  1839  the  remains  of  these  birds 
have  been  found  in  immense  quantities  and  in  many  places 
in  New  Zealand,  buried  either  in  peat,  mud,  and  sand  on 
the  level  plains,  marshy  tracks,  or  shores,  but  recently 
raised  above  the  tides.  Professor  Owen  has  given  anatomi- 
cal details  of  about  fourteen  species,  ranging  from  17  feet 
high  down  to  the  size  of  the  South  American  Khea.  His 
descriptions  are  to  be  seen  in  twenty  “Memoirs  on  the 
Dinornis,”  published  in  the  “Transactions  of  the  London 
Zoological  Society.” 

Bones  of  the  Dinornis  are  found  associated  with  the  debris 
of  cooking-pits  and  kitchen-middens  of  the  aborigines  of 
New  Zealand.  The  bones  show  evidences  of  having  been 
burnt  or  roasted  and  with  cuts  upon  them  as  with  flint 
knives.  There  is  a tradition  that  the  old  natives  fed  upon 
the  flesh  and  made  cloaks  from  the  gaudy  coloured  feathers 
of  the  Moa.  Egg  shells  in  fragments  have  been  found  in 
these  cooking-pits,  and  recently,  in  1876,  footprints  of  the 
Dinornis  have  been  discovered  by  Mr.  C.  J.  Bold,  C.E.,  on 
the  sandy  shores  at  Poverty  Bay,  on  the  western  coast. 
North  Island,  at  the  spot  where  Captain  Cook  flrst  landed 
in  New  Zealand  in  1769  and  had  his  hostile  encounter  with 
the  natives.  The  great  navigator  describes  Poverty  Bay  as 
an  ‘‘unfortunate  and  inhospitable  place,  named  by  the 
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natives  Ta-oni-roa,  or  the  Long  Sand.  The  entrance  is 
commanded  by  high  and  steep  white  cliffs,  whilst  the  low 
shores  of  the  Horse-shoe  Bay  are  covered  with  white  sand, 
beyond  which  the  country  is  diversified  with  wooded  hills 
and  valleys.” 

The  foot  print  from  this  place  is  upon  a light  and  friable 
sandstone,  it  measures  fully  9 inches  from  the  heel  to  the 
tip  of  the  claw  of  the  middle  toe  and  is  8 inches  in  width  at 
the  broadest  part  of  the  tread,  the  depth  of  the  impression  at 
the  heel  is  quite  one  inch,  and  also  the  end  joint  of  the 
middle  toe  is  deeply  impressed ; it  gives  one  the  notion  of  a 
bird  walking  over  firm  but  wet  sand,  after  the  sand  is 
treated  with  nitric  acid,  and  repeated  washing  with  filtered 
water,  so  as  to  get  rid  of  the  fine  white  sediment,  the  resi- 
due, about  five  sixths,  shows  under  the  microscope  a curious 
sand  made  up  entirely  of  jagged  splinters  of  transparent 
and  opaque  quartz  and  felspar,  with  fine  grains  of  black 
magnetic  iron  and  schorl  meagerly  scattered  in  the  mass. 
There  is  not  a trace  of  lime  or  of  alumina,  the  sandstone  is 
crumbly  and  so  friable  that  it  is  a wonder  how  the  footprint 
was  ever  preserved.  No  doubt  it  was  preserved  by  being 
covered  with  blown  sand  soon  after  it  was  made,  and  time 
has  set  the  quartz  splinters  in  a finely  divided  powder  of 
felspar. 

The  author  exhibited  the  bones  of  a leg  and  foot  of 
Dinornis  Casurinus’*  from  peat  beds  on  the  Canterbury 
Plains,  and  a number  of  bones  of  the  Dodo,  exhumed  from 
fine  black  mud  by  his  brother  Mr.  Francis  Plant  in  1869, 
near  Port  St.  Louis,  Mauritius. 

“Upon  Specimens  from  the  Fresh  Water  Deposits  of  La 
Limagne  d’ Auvergne  in  Central  France,”  by  Mr.  Makk 
Stireup,  F.G.S. 

The  author  referred  to  the  district  as  one  of  great  interest 
both  to  geologists  and  palaeontologists,  and  one  made  famous 
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by  the  labours  of  those  veterans,  the  late  Poulett  Scrope  and 
Sir  Charles  Lyell.  These  freshwater  deposits  are  of  the 
tertiary  age,  and  occupy  a valley  plain  of  considerable  extent 
between  the  two  parallel  granitic  ranges  of  the  Monts  Domes 
and  the  Farez. 

The  order  of  deposition  and  the  more  interesting  varieties 
of  the  limestone  with  their  included  organic  remains  were 
commented  on,  also  the  deposits  of  gypsum  and  silex  in 
various  forms.  Specimens  were  exhibited  of  the  indusial 
limestone,  which  is  entirely  built  up  of  the  larval  cases  of  a 
species  of  Phryganea  or  caddis  fly,  solidified  by  the  deposition 
of  lime  or  travertin.  Another  variety  is  composed  of  the 
valves  of  that  minute  crustacean  the  fresh  water  Cypris, 
similarly  preserved  by  an  incrustation  of  lime.  With  these 
were  also  shown  specimens  of  the  shell  limestone  containing 
Helix  beautifully  preserved.  Other  land  and  freshwater 
shells,  as  Lymneus,  Planorbis,  &c.,  also  occur. 

One  variety  of  limestone  in  a crystalline  condition  con- 
taining Potamides  is  quarried  as  a marble  for  building 
purposes. 

These  limestones  are  all  of  chemical  origin  and  due  to 
mineral  springs,  which  are  still  numerous  over  the  whole 
district,  but  were  doubtless  more  abundant  in  the  past. 
La  Limagne  is  only  one  of  three  or  four  basin-like  depres- 
sions which  occur  in  this  portion  of  France.  Though  now 
totally  separated  by  lofty  granite  plateaux  or  volcanic 
mountains,  it  is  very  probable  that  these  freshwater  deposits 
covered  the  whole  intervening  area.  Monsieur  Julien, 
Professor  at  the  Faculty  of  Sciences  at  Clermont,  sets  forth 
the  result  of  his  personal  researches  as  teaching  that  these 
pretended  tertiary  basins  are  but  fragments  of  a continuous 
lacustral  formation  which  covered  the  whole  or  part  of  the 
central  plateau  and  united  the  great  tertiary  basins  of 
Cantal,  Velay,  and  the  Limagne.  He  demonstrates  that 
systems  of  enormous  faults  have  dislocated  these  basins, 
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and  particularly  the  ground  of  La  Limagne.  Differences  of 
level  of  upwards  of  1000  feet  occur  in  these  fresh  water 
deposits  which  demonstrate  that  great  oscillations  and 
disturbances  took  place  since  their  deposition.  These 
movements  may  with  safety  be  assigned  to  that  period  of 
volcanic  activity  represented  by  the  extinct  craters  of 
Auvergne. 


Errata^ 

Vol.  XVI.  No.  9. 

Page  157,  For  Crsetagus,”  line  4 from  bpttom,  read 
“ Crataegus.” 

Page  158.  For  “variation,”  line  5 from  bottom,  read 
“ venation.” 
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Ordinary  Meeting,  March  20th,  1877. 

E.  W.  Binney,  F.R.S.,  F.G.S.,  President,  in  the  chair. 

“ On  the  Action  of  Sea- Water  upon  Lead  and  Copper,” 
by  William  H.  Watson,  F.C.S.,  communicated  by  Dr.  B. 
Angcjs  Smith,  F.B.S. 

While  numerous  experiments  have  been  made  and  pub- 
lished from  time  to  time  as  to  the  action  of  distilled  water 
and  various  saline  solutions  upon  lead  and  copper,  so  far  as 
I know  very  few  have  been  published  as  to  the  action  of 
sea-water  upon  them,  hence  my  concluding  to  record  the 
following : — 

The  only  published  researches  I have  been  able  to  find 
bearing  upon  this  question  are  those  by  Dr.  Crace-Calvert 
and  R.  Johnson,  “On  the  Action  of  Sea-Water  upon  certain 
Metals  and  Alloys”  (Manchester  Lit,  and  Phil,  Soc.,  1865), 
and  later  those  by  Kaiser,  “On  the  Action  of  Sea-Water  on 
Lead”  (Arch.  Pharm.  (3),  vi.,  405),  from  which  he  says  that 
after  exposing  strips  of  lead  to  sea-water  for  four  days  no 
lead  could  be  detected  in  the  water.  He,  however,  does  not 
mention  the  quantity  of  metal  or  the  quantity  of  water 
used  in  the  experiment,  neither  does  he  mention  the  method 
of  testing. 

The  experiments  of  Calvert  and  Johnson  were  conducted 
as  follows : — 20  square  centimetres  of  each  metal,  cleaned 
with  great  care,  were  taken  and  placed  in  separate  glass 
vessels,  immersed  in  equal  volumes  of  sea- water.  After  one 
month  the  plates  were  taken  out,  and  any  compounds  that 
had  adhered  to  the  surface  carefully  removed;  the  plates 
were  then  dried  and  re  weighed — the  loss  being  estimated 
and  taken  as  the  quantity  of  lead  dissolved.  To  render  the 
results  obtained  of  more  practical  value,  calculations  were 
made,  and  the  following  table  constructed  by  them,  showing 
Proceedings — Lit.  & Phil.  Soc. — Vol.  XVT. — No.  11. — Session  1876-7. 
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the  amount  of  each  metal  dissolved  by  100  litres  of  sea- 
water by  acting  upon  one  square  metre  of  each  metal : — 


Grammes. 

Steel 29-16 

Iron  27*37 

Copper  (best  selected) 12-96 

„ (rough  cake) 13*85 

Zinc  5-66 

Galvanised  Iron  1*12 

Block  Tin 1*45 

Stream  Tin  1*45 

Lead  (virgin)  Trace 

,,  (common)  Trace 


With  regard  to  these  experiments  we  notice  that  the  method 
adopted  for  the  determination  of  the  amount  of  metal  dis- 
solved was  faulty — one  by  which  small  quantities  could  not 
be  with  certainty  detected.  This  fact,  although  taking  from 
the  results  some  of  their  scientific  value,  does  not  deprive 
them  of  much  practical  interest. 

The  colorimetric  method,  based  upon  the  depth  of  colour 
produced  with  lead  or  copper  on  addition  of  ammonium 
sulphide,  being  capable  of  detecting  exceedingly  minute 
quantities  of  these  metals  in  solution,  was  that  adopted  in 
the  experiments  about  to  be  described,  so  that  I am  able  to 
speak  of  the  minute  variations  in  the  quantity  of  metal 
dissolved  according  to  the  length  cf  time  during  which  it 
was  exposed  to  the  water,  and  the  results  of  my  experiments 
show  that  the  action  of  sea- water  upon  lead  and  copper  is 
exerted  chiefly  during  the  first  few  days  of  exposure,  also — 
which  appeared  at  first  somewhat  remarkable — that  the 
quantity  of  metal  in  solution,  after  reaching  its  maximum, 
decreases  when  the  metal  is  still  exposed  in  the  water. 

The  method  of  procedure  may  be  described  as  follows : — - 
Thin  foil  of  lead  and  copper  was  used,  cut  into  pieces  two 
inches  square,  and  thus  exposing  eight  square  inches  of 
surface.  In  the  instance  of  the  copper-foil  it  was  effectually 
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cleaned  by  immersing  for  a sufficient  time  in  moderately 
dilute  nitric  acid,  and  afterwards  washing  in  water.  The 
lead  was  cleaned  and  made  perfectly  bright  by  rapidly 
rubbing  with  the  back  of  a knife.  The  pieces  were  cleaned 
shortly  before  being  immersed  in  the  sea- water,  and  until 
ready  for  such  immersion  were  kept  covered  by  pure  water. 
The  quantities  of  sea-water  (2,000  grain  measures  in  each 
instance)  were  poured  into  beakers,  and  one  of  the  pieces  of  foil, 
copper  or  lead  as  the  case  might  be,  was  dropped  into  each. 
The  beakers  were  then  placed  in  a room  above  the  laboratory, 
where  they  were  covered  by  pieces  of  porous  paper.  The 
foil  was  occasionally  moved  about  during  the  exposure. 

I.  Lead. — Even  after  the  longest  exposure — 32  days — no 
insoluble  compound  was  suspended  in  the  water  or  precipi- 
tated to  the  bottom  of  the  beaker,  but  the  surface  of  the  foil 
was  slightly  coated  with  a deposit ; it  was  tarnished.  The 
standard  solution  of  lead  from  which  the  comparison  solutions 
were  constructed  was  prepared  by  dissolving  one  grain  of 
the  lead  foil  in  as  small  a quantity  of  nitric  acid  as  possible 
and  diluting  with  water  to  2000  measures : each  100  mea- 
sures being  then  equal  to  0'05  of  a grain  of  lead.  The  fol- 
lowing results  were  obtained : — 

Days  exposed.  Lead  in  water. 

4 0-000862509  grains. 

7 0-00120750 

14  0-00138000 

32  (experiment  1) 0-00093875  „ 

32  (experiment  2) 0-00086250  „ 

These  results  show  that  from  the  14th  day  of  exposure  to 
the  32nd  the  quantity  of  lead  in  solution  diminished  (ac- 
cording to  experiment  2)  from  0-00138  to  0-0008625  of  a 
grain,  a quantity  exceedingly  small,  but  sufficient  to  dis- 
tinctly show  a diminution,  and  easily  detected  by  the  method 
adopted,  in  the  quantity  of  water  used — 2000  grains. 

I should  explain  that  the  determinations  as  above  were 


188 


made  upon  the  contents  of  separate  beakers,  and  in  each 
case  on  the  day  the  lead  foil  was  removed  from  the  water, 
so  that  they  were  not  all  made  on  the  same  occasion.  I felt 
it  desirable  to  execute  a fresh  series  of  experiments  in  order 
to  prove  the  accuracy,  or  otherwise,  of  the  concliusion  with 
regard  to  the  amount  of  lead  in  solution  diminishing  on  the 
foil  and  water  being  exposed  for  a lengthened  period. 
Beakers  were  prepared  with  water  and  lead-foil  (sea- water 
of  course)  and  exposed ; but  instead  of  determing  the  quan- 
tity of  lead  in  solution,  the  lead-foil  was  removed  after  the 
same  lapse  of  time  as  in  the  former  experiments  just  de- 
scribed, namely,  after  4,  7,  14,  and  32  days’  exposure  respec- 
tively, but  the  water  from  each  exposure  was  kept  and  the 
whole  of  the  water  samples  tested  with  ammonium  sulphide 
at  the  same  time,  and  thus  by  comparing  the  several  depths 
of  colour  produced  by  the  various  samples  comparative 
results  were  obtained;  these  confirming  the  former  ones  and 
supporting  the  conclusion  that  the  amount  of  lead  in  solu- 
tion in  the  water  diminishes  on  prolonged  exposure  along 
with  the  metallic  surface.  The  same  fact  may  be  applied 
in  the  case  of  copper,  as  will  be  presently  shown. 

The  action  of  sea-water  upon  lead  is  very  slight,  and  by 
another  experiment  (by  immersing  in  a fresh  portion  of  sea- 
water a piece  of  lead-foil  used  in  the  former  experiments, 
which  had  become  tarnished,  and  testing  the  water  after 
some  days’  exposure)  it  appears  that  no  perceptible  action 
is  exerted  by  sea- water  upon  such  tarnished  metal. 

II.  Copper. — The  experiments  about  to  be  described  were 
conducted  similarly  to  those  on  lead,  and,  therefore,  upon  that 
point  I need  not  dwell.  By  the  action  of  the  sea- water  upon 
the  copper  a green  deposit  insoluble  in  water  (or  nearly  so), 
but  exceedingly  soluble  in  dilute  acids  was  formed,  and  this 
contained,  as  will  be  presently  shown,  the  chief  portion  of 
the  copper  dissolved.  This  deposit  was  somewhat  rapidly 
formed  at  the  commencement  of  the  exposure  (some  being 
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observed  at  the  bottoms  of  the  beakers  even  after  only  12 
hours’  exposure) ; but,  after  a time,  this  green  compound 
apparently  ceased  to  form,  giving  place  to  a thin  but  not 
easily  removable  covering  of  a bronze  colour  on  the  surface 
of  the  foil,  on  which  the  water  ceased  to  act ; on  removing 
this  tarnished  foil,  however,  to  some  fresh  sea-water,  action 
again  commenced,  resulting  as  before  in  the  formation  of  a 
green-coloured  deposit.  So  as  to  find  whether  the  bronze 
covering  given  to  the  copper  by  the  sea-water  prevented  or 
not  the  action  of  the  waters  upon  the  copper,  one  of  the 
pieces  of  tarnished  foil  was  immersed  in  2,000  grain  measures 
of  soft  river  water,  and  into  a similar  quantity  of  the  same 
water  a piece  of  bright  copper-foil  of  the  same  size  was 
placed.  After  the  expiration  of  five  days  the  water  was 
examined.  It  had  acted  considerably  upon  the  bright  cop- 
per, but  only  slightly  on  the  tarnished, — the  copper  dissolved 
in  one  case  being  about  half  as  much  as  in  the  other.  The 
tarnished  surface,  then,  does  not  prevent  totally  the  action 
of  soft  water  upon  the  copper ; or  the  tarnish  is  itself  acted 
upon. 

Before  testing,  in  each  case  the  green  compound  was 
separated  from  the  water,  so  that  the  amount  of  copper 
might  be  determined  in  each  separately.  The  following 
results  were  obtained : — 

(a)  Copper  in  solution  in  the  water. 


Days  Exposed.  Copper. 

4 0*00675  of  a grain. 

7 0*00350 

14  0*00300 

32  0*00300 


Here  we  have  an  instance  of  the  copper  dissolved  reach- 
ing its  maximum,  then  between  the  4th  day  and  the  7th 
day  diminishing  from  0*00675  to  0*00350;  but,  as  will  be 
seen  below,  the  green  compound  continued  to  form. 
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(h)  Copper  in  the  green  deposit : — 

In  order  to  determine  the  amount  of  copper  in  the  com- 
pound, it  was  dissolved  in  a very  small  quantity  of  dilute 
nitric  acid,  and  the  solution  thus  obtained  diluted  with 
water  to  4,000  measures.  100  measures  of  this  solution 
were  then  taken  and  diluted  to  1,000  measures,  to  which 
ammonium  sulphide  was  added,  and  the  tint  compared  with 
that  produced  similarly  in  a standard  copper  solution, — the 
results  thus  obtained  being  multiplied  by  40  furnish  the 
quantity  of  copper  in  the  whole  of  the  deposit  as  follows: — 

Days  Exposed.  Copper. 

4 0*200  of  a grain. 

7 0-320 

14  0-360 

32  0-370 

Adding  the  quantities  of  copper  found  in  solution  in  the 
water  to  those  found  in  the  deposit,  we  obtain  the  following 
numbers : — 

Days  Exposed.  Copper. 

4 0-20675  of  a grain. 

7 0-32350 

14  0-36300 

32  0-37000 

As  to  the  green  deposit,  I found  it  to  consist  chiefly  of  a 
chloride  of  copper,  but  I am  at  present  unable  to  say  what 
particular  chloride,  and  as  to  its  formation,  I may  add  that 
by  keeping  copper-foil  immersed  in  a solution  of  sodium 
chloride  containing  53  grains  in  2,000  of  water  (about  the 
quantity  present  in  sea- water),  no  such  deposit  is  formed 
neither  is  it  formed  when  copper-foil  is  kept  immersed  for 
some  time  in  a solution  of  magnesium  chloride. 

Having  made  calculations  from  results  given  above,  I 
append  tables  showing  the  action  of  one  gallon  (70,000 
grains)  of  sea- water  upon  280  square  inches  of  each  metal. 
The  quantities  are  expressed  in  grains. 
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I.— LEAD. 


Days  Exposed. 

Lead  in  Solution. 

4 

00301875 

7 

0*0422625 

14  

0-0483000 

32  (expt.  1) 

0-03285625 

32  (expt.  2)..' 

0-0301875 

II.— COFFEE. 


Days  Exposed. 

Copper  in  Solution. 

Copper  in  Deposit. 

Total  Copper 
Dissolved. 

4 

0-20625 

7-00 

7-23625 

7 

0-12250 

11-20 

11-32250 

14 

0-10500 

12-60 

12-70500 

32 

0-10500 

12-95 

13-05500 

Braystonesj  near  Wbiiteliaven,  March  14th,  1877. 


Postcript.  March  17th,  1877. 

Since  writing  my  paper,  dated  March  14th,  I have  read 
in  the  Chemical  News  (of  yesterday’s  date,  March  16th), 
page  110,  a paper  by  Mr.  M.  M.  Pattison  Muir,  “ On  the 
Action  of  Water  and  dilute  Saline  Solutions  upon  Lead  ” 
(read  before  the  Manchester  Literary  and  Philosophical 
Society,  Feb.  6th.)  I find  from  this  that  he  has  observed, 
while  experimenting  on  the  action  of  solutions  of  potassium 
carbonate,  potassium  nitrate,  and  ammonium  nitrate  upon 
lead,  that  the  quantity  of  lead  in  solution  decreases  after 
a certain  point  has  been  reached.  This  is  similar  to  the 
results  obtained  by  me  in  the  case  of  sea>water.  As  will 
be  observed,  my  experiments  also  show  that  this  peculiar 
fact  applies  in  the  instance  of  the  action  of  sea- water  upon 
copper.  In  the  experiments  with  sea- water,  however,  the 
results  mentioned  could  not  be  due  to  the  same  salts  us  used 
by  Mr.  Muir,  as  sea- water  does  not  contain  them. 
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“Note  on  the  Upper  Coal  Measures  of  Canobie,  Dum- 
friesshire,” by  E.  W.  Binney,  President,  F.R.S.,  &c. 

Mr.  D.  C.  Davies,  F.G.S.,  in  a very  interesting  paper  on 
the  upper  carboniferous  strata  of  Shropshire  and  Denbigh- 
shire, just  published  in  No.  129  of  the  Quarterly  Journal  of 
the  Geological  Society,  in  alluding  to  a section  at  Canobie 
of  his  (the  President),  printed  in  voL  ii.,  third  series,  of  this 
Society’s  Transactions,  p.  31,  states,  “Section  2 is  one  given 
by  Mr.  Binney  of  the  strata  at  Canobie.  Mr.  Binney  des- 
cribes the  upper  coal  measures,  group  1,  as  the  highest  in 
the  kingdom.  He  considers  the  permians,  to  begin  with 
the  lowest  breccia  in  group  2.  These  breccia  are  made  up 
of  carboniferous  gritstones  and  limestones.  They  are  inter- 
stratified  with  red  shales  containing  rootlets  of  Stigmaria 
ficoides,  and  also  with  a bed  of  limestone,  together  with 
brown  sandstones.”  Now  it  is  quite  true  that  he  considered 
the  permians  in  this  district  begin  with  the  lowest  breccia 
in  group  2,  but  the  author  has  no  doubt  quite  unintentionally 
made  a mistake  in  supposing  that  the  breccias  are  inter- 
stratified  with  red  shales  containing  rootlets  of  Stigmaria. 
Such  red  shales  are  seen  in  the  river,  a little  to  the  north  of 
Canobie  Bridge,  and  lie  under  the  lowest  bed  of  breccia, 
and  not  interstratified  with  the  breccia  beds. 

The  words  he  (the  President)  used  at  page  851  of  his 
paper  are  “Under  this  breccia  (the  lowest  bed)  was  a 
bed  of  red  shales,  containing  rootlets  of  Stigmaria  ficoides. 
I did  not  see  these  shales  absolutely  passing  into  the 
breccia,  owing  to  a covering  of  five  yards  of  fallen  bank, 
but  they  appear  to  dip  in  the  same  direction,  namely,  slightly 
east  of  south,  although  at  a somewhat  less  inclination. 
With  these  shales  I consider  the  coal  measures  to  commence 
and  the  permian  strata  to  terminate  at  the  lowest  bed  of 
breccia.”  Again,  at  page  852,  he  states,  “ The  shales  under 
the  last  bed  of  breccia,  containing  Stigmaria  rootlets,  are 
considered  by  me  to  be  the  highest  coal  measures  ever  yet 
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noticed  in  Great  Britain.  Probably  the  passage  of  carbon- 
iferous into  the  overlying  permian  beds  is  more  apparent 
than  real,  and  the  bed  of  breccia  doubtless  shows  a period 
of  disturbance,  but  in  the  whole  course  of  my  observations, 
extending  over  thirty  years,  I have  never  seen  anything 
before  which  appeared  so  nearly  to  prove  the  passage  of  the 
one  into  the  other  as  this  section  does.” 

Since  the  above  was  written  unfortunately  nothing  more 
has  been  done  to  his  knowledge  to  prove  the  section.  The 
600  feet  of  coal  m.easures  lying  above  the  Spirorbis  lime- 
stone are  the  highest  carboniferous  strata  yet  met  with,  but 
they  have  not  yet  been  clearly  proved  to  pass  upwards  into 
the  permians.  This  remains  to  be  done. 

A short  time  ago  he  had  again  visited  the  Canobie  sec- 
tion in  company  with  his  friend  Mr.  J.  W.  Kirkby,  and  in 
addition  to  the  Spirorbis  carbonarius  formerly  found  in  the 
limestone,  that  gentleman  recognised  in  the  shales  near  it 
Athracomya  ? Beyrichia  arcuata  (Bean),  Spirorbis  Jielictres 
(Salter),  and  a single  specimen  of  a long  entomostracan  not 
to  be  determined  from  its  state  of  preservation. 

It  has  been  stated  that  the  occurrence  of  the  Spirorbis 
carbonarius,  which  is  well  known  as  being  found  in  car- 
boniferous rocks  of  aJl  ages,  from  the  Bardiehouse  limestone 
to  the  Ardwick  beds,  would  by  itself  have  little  value  in 
identifying  strata  200  or  300  miles  apart.  It  was  for- 
merly attempted  by  a very  eminent  geologist  to  prove  that 
the  Bardiehouse  limestone  occupied  a position  above  the 
millstone  grit,  simply  because  it  contained  the  Spirorbis 
and  some  other  common  coal  fossils.  No  doubt  the  diag- 
nostic value  of  such  fossils  has  considerably  diminished  at 
the  present  day ; but  in  addition  to  containing  the  Spirorbis, 
this  limestone  on  breaking  exhibits  a singular  porcelain-like 
appearance,  a semiconchoidal  fracture,  and  a mottled  charac- 
ter, which  are  not  recognisable  in  other  carboniferous  lime- 
stones so  far  as  his  experience  went ; and  it  is  always  found 
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in  the  upper  part  of  the  coal  measures  near  to  permian  beds, 
and  generally  makes  a good  hydraulic  lime.  In  addition,  it 
was  associated  with  purple  and  greenish-coloured  shales 
and  fire  clays  as  well  as  green  earth,  and  what  has  some- 
times the  appearance  of  volcanic  ash.  Altogether  the 
general  character  of  these  strata,  independently  of  the 
occurrence  of  the  Bpirorhis  in  the  limestone,  give  evidence 
of  coal  measures  ver^^  different  in  appearance  to  those  found 
in  the  mi4dle  and  thick  beds  of  the  English  and  Scotch 
fields. 

Many  years  since  the  late  Sir  Charles  Lyell  showed  him 
a specimen  of  the  limestone  and  asked  what  was  its  age,  as 
none  of  his  geological  friends  knew  it.  He  (the  President) 
explained  that  it  was  the  so-called  Freshwater  limestone  of 
the  upper  coal  measures.  Certainly  Spirorbis  is  a much 
better  specific  name  for  the  limestone  than  Freshwater.  A 
good  many  geologists  and  mining  men  even  now  on  being 
shown  a specimen  of  the  limestone  would  be  puzzled  to 
know  where  it  came  from. 

“Losses  and  Gains  in  the  Death-toll  of  England  and 
Wales  during  the  last  30  years,”  by  Arthur  Eansome, 
M.A.,  M.D. 

In  a paper  recently  read  before  this  Society,  Mr.  Baxen- 
delF  endeavours,  with  much  research  and  ability,  to  reckon 
up  the  gains  and  losses  in  the  mortality  of  England  and 
Wales  from  different  diseases.  If  the  records  upon  which 
he  bases  his  conclusions  had  been  entirely  trustworthy,  the 
results  which  he  has  obtained  would  doubtless  have  been 
valuable — and  might,  perhaps,  have  indicated  the  presence  of 
certain  influences  bearing  upon  the  public  health — but  even 
so,  I venture  to  think  that  the  figures  he  adduces  would 
not  bear  out  the  inferences  which  he  attempts  to  draw  from 
them.  Unfortunately,  the  returns  of  the  Begistrar-General 

“ On  Changes  in  the  Rates  of  Mortality  from  Different  Diseases  during  the  Twenty 
Years  1854-1873.” 
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cannot  be  relied  upon  for  the  species  of  information  which 
he  seeks  to  obtain  from  them. 

Even  when  it  is  required  only  to  estimate  the  gross  mor- 
tality of  various  places,  there  are  important  limitations  to 
their  usefulness,  owing  to  the  various  nature  of  the  bound- 
aries of  the  several  registration  districts,  the  presence  or 
absence  of  hospitals,  and  the  movements  or  relative  compo- 
sition as  to  age,  &c.,  of  the  populations.  Carefully  collated 
data  on  these  several  points  are  given  in  the  later  reports, 
and  by  dint  of  much  labour  some  of  the  more  serious 
errors  from  these  causes  may  be  avoided,  but  when  we 
come  to  the  nosology  of  the  tables  and  try  to  pick  out,  as 
Mr.  Baxendell  has  done,  the  causes  of  the  mortality  in 
different  years,  we  are  at  once  foiled  of  accurate  results  by 
the  imperfections  of  the.  records  and  the  impossibility  of 
verifying  the  causes  of  death. 

These  drawbacks  to  the  utility  of  the  returns  have  often 
been  pointed  out,  and  in  the  early  reports  of  the  Kegistrar- 
General,  Dr.  Farr  himself  complains  of  the  imperfect  nomen- 
clature of  disease.  Doubtless  some  improvement  has  taken 
place  of  late  years,  but  such  variations  in  the  accuracy  of 
diagnosis  at  once  prevent  any  value  from  attaching  to  a 
comparison  between  earlier  and  later  records.  Until  a very 
recent  period  the  registration  of  deaths  was  not  compulsory 
at  all ; and  in  the  Report  of  the  Medical  Officer  to  the  Privy 
Council  for  the  year  1864,  it  is  noted  that  out  of  500  deaths 
registered  in  St.  David’s  district  only  15  were  recorded  by 
properly  qualified  medical  practitioners.  To  the  present 
time  it  is  highly  probable  that  the  disease  Phthisis  or  Con- 
sumption is  far  too  often  recorded  as  the  cause  of  death  in 
some  districts  in  Wales,  since  it  is  made  to  include  many 
forms  of  disease  that  cause  wasting  before  they  cause  death. 

Dr.  Haviland’s  recent  map  of  the  distribution  of  phthisis, 
thus  makes  it  appear  that  the  Island  of  Anglesey  is  one 
of  the  worst  districts  in  the  kingdom  for  the  production  of 
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this  disease — the  great  probability  being  that  it  is  no  worse 
than  its  neighbours. 

It  is  most  likely  owing  to  this  imperfection  of  nomen- 
clature that  changes  have  taken  place  in  the  apparent  rates 
of  mortality  from  some  of  the  diseases  mentioned  by  Mr. 
Baxendell.  Many  of  the  deaths  recorded  of  late  years  as 
arising  from  bronchitis,  would  probably  have  been  set  down 
in  former  times  to  pneumonia ; and  hence  the  former  dis- 
ease appears  to  have  increased  in  fatality,  the  latter  to  have 
diminished.  Hence,  also,  owing  to  an  improved  diagnosis 
the  term  dropsy  will  have  given  place  to  the  name  of  the 
organ  out  of  whose  derangement  it  has  arisen ; and  we  have 
it  less  frequently  recorded  as  the  cause  of  death,  whilst  dis- 
eases of  the  heart,  liver,  and  kidneys  have  apparently 
increased  in  prevalence. 

The  vague  terms  brain  disease,  cephalitis,  and  coirvulsions, 
may  also  have  undergone  some  amount  of  transposition. 

But  Mr.  Baxendell  points  out  a very  great  increase  (86 
per  cent)  in  one  disease — small-pox — that  is  not  likely  to 
have  been  mistaken  for  anything  else;  and  he  further 
shows  that  this  increase  has  taken  place  mainly  amongst 
the  adult  members  of  the  population. 

His  remarks  on  this  point  are  undoubtedly  very  im- 
portant and  will  need  to  be  well  weighed  by  those  who  are 
responsible  for  the  efficient  performance  of  vaccination. 

It  is  important  to  observe,  however,  that  the  whole  of 
this  increase  occurred  in  the  years  1871  and  1872,  when 
over  40,000  deaths  took  place  from  this  cause. 

The  period  of  ten  years  chosen  by  Mr.  Baxendell  is 
probably  not  long  enough  to  afford  a basis  of  argument 
respecting  epidemic  diseases — 40  or  50  years  are  sometimes 
required  to  contain  the  full  cycle  observed  by  some  of  them 
— as  may  be  seen  from  the  diagram  showing  the  variations 
in  the  prevalence  of  Scarlet  Fever  in  Sweden. 
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The  cycle  usually  followed  by  small-pox  is,  however, 
shorter  than  this,  and  from  the  exemption  of  children  from 
the  excessive  death  rate  by  this  disease,  it  would  seem  as 
though  the  protection  alforded  by  infantile  vaccination 
endures  now  for  a shorter  period  than  it  formerly  did. 

This  surmise  is  in  accordance  with  the  facts  recorded  by 
Mr.  Simon  respecting  the  increase  in  the  number  of  cases  of 
successful  re-vaccination  in  the  Prussian  army  during  the 
years  1813  to  1833. 

It  points  to  some  imperfection  in  the  operation  or  to  a 
possible  deterioration  in  the  quality  of  the  lymph,  owing  to 
its  transmission  too  constantly  through  the  human  subject. 
In  any  case,  its  cause  is  worthy  of  full  and  patient  in- 
vestigation. 

The  objections  that  I have  ventured  to  bring  against  the 
details  of  Mr.  Baxendelfs  tables,  also  do  not  apply  to  his 
comparison  of  the  gross  mortalities  of  the  two  periods  he  has 
chosen. 

The  almost  stationary  condition  of  the  death-rate  of  the 
country  during  the  last  thirty  years  has  been  noticed  by 
many  who  are  interested  in  the  public  health,  and  who 
have  been  disappointed  at  not  obtaining  from  the  Registrar- 
General  tables  of  total  mortality,  that  proof  they  so  much 
desired  of  the  efficacy  of  their  sanitary  improvements.  Mr. 
Baxendell,  indeed,  shows  that  all  the  zymotic  class  of  dis- 
eases, with  the  single  exception  of  small-pox,  have  some- 
what diminished;  and  by  limiting  the  term  ‘preventible’  to 
this  class  of  disorders  he  is  able  to  ascribe  to  sanitary 
measures  the  modicum  of  improvement  represented  by  “ a 
saving  of  one  life  in  every  134,”  or  ''a  reduction  of  017 
per  cent,  in  the  general  death-rate.” 

At  the  risk  of  sacrificing  even  this  small  tribute  to  the 
value  of  sanitary  work,  I must,  however,  point  out  that  this 
restriction  of  the  term  'preventible’  is  not  usually  recog- 
nised by  the  medical  profession*  The  sanitarian  claims 
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much  more  than  epidemic  diseases  as  truly  preventible. 
The  influence  of  favourable  or  unfavourable  sanitary  condi- 
tions is  also  plainly  shown  in  such  diseases  as  phthisis, 
diarrhoea,  and  dysentery,  scrofula,  various  pulmonary  com- 
plaints, convulsive  disorders,  and,  to  some  extent,  in  the 
whole  range  of  diseases  that  produce  our  excessive  infant 
mortality.  The  true  meaning  of  the  term  ‘preventible’ 
mortality  is  fully  given  by  Mr.  Simon  in  his  preface  to  Dr. 
Greenhow’s  Inquiry.  Briefly  stated  it  means  “all  local 
excuses  of  fatality  that  are  due  to  local  circumstances  of 
aggravation.”  (p.  viii.) 

The  excessive  mortality  from  a large  group  of  diseases 
other  than  epidemic  in  their  character  may  then  be  greatly 
diminished,  partly  by  public  sanitary  work  and  still  more 
by  improvements  in  domestic  hygiene  amongst  the  poor — 
such  as  sanitary  associations  and  medical  oflicers  of  health 
may  by  degrees  be  able  gradually  to  teach. 

It  may  fairly  be  asked  then  of  sanitarians,  where  is  the 
proof  of  your  ministry  ? 

The  range  of  preventible  mortality  is  greater  than  Mr. 
Baxendell  supposes,  but  it  has  not  been  prevented — to  what 
must  this  result  be  attributed  ? Mr.  Baxendell  seems  in- 
clined to  question  the  utility  of  the  costly  sanitary  works 
that  have  been  undertaken  of  late  years ; but  an  examina- 
tion of  the  local  details  that  make  up  the  total  mortality 
will  soon  show  that,  in  places  where  these  works  have  been 
thoroughly  carried  out,  a very  distinct  effect  upon  the  mor- 
tality has  been  produced,  and  that  the  stationary  condition 
of  the  total  death-rate  is  mainly  caused  by  the  increasing 
mortality  in  places  that  have  not  been  thus  cared  for. 

It  is  indeed  difficult  for  anyone  acquainted  with  the 
history  of  the  science  of  public  health  to  see  the  necessity 
for  any  defence  of  sanitary  works — seeing  that  in  some  foi*m 
or  other  they  have  led  to  the  entire  disappearance  of  some 
diseases,  and  to  the  great  amelioration  of  others — and  that 
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where  they  have  been  thoroughly  carried  out  they  have 
had  a distinct  effect,  either  in  directly  diminishing  the 
death-rate  or  in  counteracting  a tendency  to  increased  dis- 
ease and  death. 

The  Registrar-General  in  his  last  report  gives  a few  ex- 
amples of  places  in  which  there  seems  to  have  been  a direct 
connection  between  sanitary  improvements  and  diminished 
rates  of  mortality.  His  list  is  as  follows  ; but  the  time  at 
my  disposal  does  not  permit  me  to  append  his  remarks  as 
to  the  kind  of  works  executed  at  each  place  : — 


Name  of-  District. 

County. 

Population, 

Average  Annual  Mortality 

1861. 

1871. 

1841-50. 

1851-60, 

1861-70. 

North  Witchford 

Cambridge. . 

14,791 

15,585 

27 

21 

20 

Whittlesey  

iy  ... 

6,966 

7,002 

25 

23 

21 

Wisbeach  

yy  ... 

33,309 

34,209 

25 

22 

20 

Ossett 

Essex  

11,595 

13,172 

24 

21 

18 

Sahsbury  

Wilts 

9,039 

9,212 

28 

24 

20 

Stoke  Damerel... 

Devon  

50,440 

49,449 

26 

23 

21 

W olverhampton. . 

Stafford  . . . 

126,902 

136,053 

27 

28 

24 

Coventry  

Warwick  ... 

41,647 

40,113 

27 

25 

21 

Macclesfield 

Chester 

61,543 

59,339 

26 

25 

23 

Hull  

York 

56,888 

68,316 

31 

25 

26 

Newport 

Monmouth. . 

51,412 

61,252 

24 

22 

21 

Merthyr  Tydfil... 

Glamorgan.. 

93,008 

104,239 

28 

29 

25 

Crickhowell  

Brecknock .. 

22,457 

20,147 

27 

25 

23 

But  it  may  be  said  that  of  late  some  form  of  sanitary 
administration  has  been  at  work  all  over  the  country,  why 
then  have  recourse  to  detached  examples  The  reply  is 
sufficiently  simple,  that  this  universal  sanitation  has  certainly 
not  yet  had  time  to  prove  its  power  for  good. 

I should  be  very  unwilling  to  defend  the  present  chaotic, 
inefficient,  and  extravagant  method  of  carrying  on  public 
health  government : under  it  the  local  medical  officers  have 
no  security  of  office,  many  are  appointed  over  petty  areas 
upon  paltry  salaries,  the  aggregate  of  which  would  produce 
a good  income  for  well  trained  men.  Most  of  them  have 
had  no  special  training,  and  none  of  them  have  any  means 
of  proving  their  capacity  by  a state  qualification — they 
have  no  well  organised  system  for  obtaining  immediate 
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information  of  the  outbreak  of  disease — and  from  the  want 
of  proper  instruction  and  central  assistance  they  are  driven 
to  make  experiments  in  sanitation  which  by  their  failure  or 
by  their  cost  raise  a formidable  local  opposition  to  all  their 
efforts. 

It  will  be  seen  then  that  I entirely  agree  with  Mr.  Bax- 
endell  in  thinking  that  the  present  sanitary  system  is  very 
defective” — but  it  by  no  means  follows  that  it  has  done  no 
good. 

In  auditing  carefully  the  several  items  of  a profit  and  loss 
account,  there  may  well  be  found  an  equipoise  between  the 
two  sides  of  the  account — or  even  a loss  on  the  whole — and 
yet  it  may  be  possible  to  see  that  unless  certain  adverse  cir- 
cumstances had  occurred,  such  as  a rise  in  wages,  increased 
price  of  raw  material,  &c.,  the  result  would  have  been  a 
decided  gain. 

The  general  death-toll  of  a country  is  in  truth  under  the 
influence  of  many  most  various  conditions.  It  is  only 
possible  to  discover  the  full  effect  of  sanitary  measures  when 
all  these  conditions  are  taken  into  account.  It  would  be  a 

weak  form  of  defence  for  these  measures  if  we  were  to  sav 
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that  if  they  had  not  been  taken  “things  might  have  been 
worse,” — for  they  might,  perhaps,  even  have  been  better. 

But  the  argument  changes  its  character  altogether  if  it 
can  be  shown  that  the  death  rate  certainly  would  have  been 
heavier  had  not  sanitary  or  other  influences  been  active  to 
counteract  the  increase  of  morbific  agencies  that  have  been 
at  work. 

It  is  not  difficult  to  prove  that  certain  important  causes 
of  excessive  mortality  have  of  late  years  increased  consider- 
ably in  their  pressure  upon  the  populations  of  England  and 
Wales;  and  I would  especially  advert  to  three  of  these: — 
1.  The  density  and  size  of  towns;  2.  Intemperance;  3.  The 
improper  feeding  and  treatment  of  children. 

1.  The  Density  and  size  of  Towns. 
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“In  the  last  twenty  years,”  says  Dr.  Farr,  “the  towns  of 
England  have  increased  from  five  hundred  and  eighty  to 
nine  hundred  and  thirty-eight,  their  population  from  nine 
to  fourteen  millions.”  Supplement  to  35th  Ann.  Rep.,  p.  viii. 

The  population  throughout  the  country  has  increased  so 
that,  on  the  average,  there  are  now  1'74  acres  to  each 
inhabitant,  and  in  the  decade  (1841 — 50),  there  were  2'21 — 
and  in  most  of  the  towns  there  is  a still  greater  proportionate 
increase  in  the  density;  thus,  in  London,  it  has  doubled 
the  acreage  to  a person ; sinking  from  '04  to  *02,  and  the 
• same  proportionate  increase  is  found  at  Plymouth  ('04  to  '02) ; 
at  East  Stonehouse  it  has  sunk  from  '02  to  '01  ; in  Salford 
and  Portsmouth  the  space  has  diminished  from  '08  to  '05  ; 
in  Leicester  from  *07  to  '04 ; in  Stoke-on-Trent  from  '23  to 
*15;  in  West  Bromwich  from  *32  to  '19. 

It  is  not  easy  to  estimate  the  exact  effect  upon  health  of 
this  crowding  together  of  populations.  Its  operation  is  com- 
pounded of  many  distinct  elements;  thus  Dr.  Farr  himself 
ascribes  a direct  influence  to  the  dead  and  decomposing 
organic  matter  floating  in  the  air  ot  towns,  the  product  of 
respiration  and  of  excrementitious  matter  of  all  kinds ; and 
there  can  be  little  doubt  that  it  is  a powerful  predisposing 
cause  of  the  large  group  of  scrofulous  diseases  that  annually 
carry  off  more  than  30,000  persons. 

But  in  towns  there  are  found  many  other  malign  influ- 
ences in  full  operation  in  much  greater  abundance  than  in 
the  country ; ill-ventilated,  unhealthy,  crowded  dwellings ; 
sedentary  and  unwholesome  trades  and  occupations;  together 
with  much  freer  play  to  the  two  other  causes  of  increased 
mortality  that  have  been  mentioned,  such  as  increased  facili- 
ties and  temptations  to  the  use  of  strong  drink ; female  em- 
ployment, and  consequent  neglect  of  children  b}^  their  mothers. 

That  town-life  is  more  unhealthy  than  country-life,  and 
that  the  mortality  increases  in  some  way  with  the  density  of 
the  population  is  sufficiently  shown  by  the  following  table : 
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Mean  Annual  Death- 
Eatio. 

Density. 

Births. 

Deaths. 

Annual  Increase 
of  Population. 

Persons  to  a 
Square  Mile. 

15  . 

39 

315 

35-11 

22-00 

11-99 

15  . 

17 

166 

30-22 

16-75 

14-69 

18  . 

20 

186 

32-19 

19-16 

7-53 

21  . 

23 

379 

35-78 

21-88 

13-82 

24  . 

26 

1718 

38-75 

24-90 

18-59 

27  . 

30 

4499 

40-16 

28-08 

13-28 

32  (Manchester) 

12-375 

37-33 

32-49 

3-22 

39  (Liverpool) 

65-823 

37-57 

38-62 

— 12-33 

The  law  of  increased  mortality  with  increased  density  of 
population  is,  on  the  large  scale,  so  definite  and  certain  that 
Dr.  Farr  has  Been  able  to  construct  a formula  by  which  in 
many  cases  the  mortality  can  be  calculated  from  the  den- 
sity— and  if  accurate  data  were  obtainable  it  might  even  be 
possible  to  ascertain  what  increase  of  mortality  might  have 
been  expected  to  result  from  the  increased  tendency  of 
populations  to  aggregate  themselves  together.  We  cannot 
state  the  problem  quite  so  definitely  as  this  would  imply, 
but  if  we  take  Dr.  Farr’s  estimate  of  5 millions  of  additional 
inhabitants  in  our  towns,  and  apply  to  this  the  usual  urban 
rate  of  24  as  distinguished  from  the  rural  rate  of  19  per 
1,000,  we  obtain  an  excess  of  25,000  deaths  that  would 
have  to  be  placed  to  the  account  of  overcrowding. 

The  fact  that,  on  the  whole,  the  mortality  has  remained 
stationary  during  the  last  80  years,  shows  that  25,000  lives 
must  have  been  saved  by  other  means,  and  hence  that  some 
infiuences  have  been  at  work  to  mitigate  the  evil  effects  of 
overcrowding.  What  these  infiuences  are  is  made  at  least 
very  probable  by  the  fact  that,  in  most  of  the  notable  excep- 
tions to  Dr.  Farr’s  law,  sanitary  improvements  have  been  car- 
ried out  for  a good  many  years.  In  the  following  examples 
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it  will  be  noted  that  the  density  of  most  of  the  places 
named  has  decidedly  increased  whilst  the  mortality  has 
diminished. 

The  first  G of  these  districts  are  taken  from  the  table 
already  quoted  from  the  Registrar  General-  as  having  im- 
proved as  the  result  of  sanitary  works,  and  in  each  of  the 
remainder  it  will  be  found  that  similar  works  have  for  some 
time  been  pursued. 


Districts. 

Density, 

Acres  to  a Person. 

Death-rates. 

1841-50. 

1851-60. 

1861-70. 

1841-50. 

1851-60. 

1861-70. 

Salisbury  

•05 

•05 

•05 

28 

24 

20 

Wolverhampton  

•58 

• • 

‘42 

27 

28 

24 

Coventry  

•16 

. . • 

•13 

27 

25 

21 

Macclesfield 

1-37 

1-31 

1-36 

28 

25 

23 

Newport  

2-88 

• • • 

1-96 

. 24 

22 

21 

Merthyr  Tydfil 

1-74 

• . « 

0-71 

28 

29 

25 

Gloucester  

109 

•96 

•84 

24 

22 

22 

Leicester  

•07 

•06 

•04 

27 

25 

26 

Clifton  

•41 

•34 

•26 

23 

20 

20 

Salford  

•08 

•06 

‘05 

28 

26 

27 

Cheltenham  

•59 

•53 

•50 

20 

19 

19 

Altrincham  

2-26 

1-98 

1-63 

23 

23 

21 

Newport  

3-13 

3-06 

3*03 

20 

20 

18 

Do\ter 

1*13 

1-00 

•87 

21 

20 

20 

2.  Intemperance  has  been  assigned  as  an  increasing  cause 
of  mortality  during  the  last  30  years.  There  is  no  doubt  as 
to  the  increased  consumption  of  alcoholic  drinks  of  late 
years.  “In  the  five  years  ending  1845  the  average  ex- 
penditure of  the  United  Kingdom  upon  these  drinks  was 
about  77  millions  sterling,  whilst  in  the  five  years  endiug 
1875  it  \5ras  135  millions.”  (W.  Hoyle.) 

It  is  difficult  to  learn  how  much  of  this  alcohol  has  been 
taken  in  excessive  quantities,  and  how  much  has  been 
added  in  small  amounts  to  the  diet  of  those  who  formerly 
could  not  afford  to  take  any.  Many  persons  doubtless  would 
come  under  the  last-named  category.  During  the  last  20 
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years  trade  has  on  the  whole  improved.  There  have  been 
higher  wages  paid,  and  a portion  of  these  will  have  been 
spent  merely  in  dietetic  drinking,  but  it  is  certain  that  there 
has  been  a large  increase  in  the  numbers  of  those  who  drink 
to  intoxication.  “In  1860  the  apprehensions  for  drunken- 
ness were  only  88,000,  in  1875  they  were  203,000.”  (W. 

Hoyle.) 

This  increased  intemperance  must  have  shortened  many 
lives — to  repeat  here  Mr.  Neison’s  table — a temperate  person’s 
chance  of  living  as  against  that  of  an  intemperate  person — 
is  at  the  age  of  20  years,  44*2  years  to  15’ 6 years;  at  30, 
36’5  years  to  13’8  years;  at  40,  28’8  years  to  11'6  years; 
at  50,  21*25  years  to  10*8  years;  at  60,  14*28  years  to  8*9 
years.  In  intemperate  persons,  the  mortality  at  21  to  30 
years  of  age  is  5 times  that  of  the  temperate ; from  30  to  40 
it  is  4 times  as  great. 

Since  alcohol  affects  chiefly  the  liver,  kidneys  and  heart, 
we  may  with  much  probability,  assign  the  great  increase  in 
diseases  of  these  organs,  pointed  out  by  Mr.  Baxendell, 
mainly  to  this  cause,  and  not  to  defective  sanitary  admini- 
stration. 

It  is  of  course  impossible  to  say  how  much  of  the  mor- 
tality of  the  country  is  due  to  this  cause;  but  I will 
mention  one  instance  in  which  it  would  appear  that  some 
approximation  may  be  made.  My  friend  Dr.  W.  Roberts 
informs  me  that  about  30  years  ago  a very  powerful  tem- 
perance movement  affected  large  districts  of  Wales  to  such 
an  extent  that  in  Anglesey  most  of  the  public  houses  were 
closed  and  a large  proportion  of  the  people  became  total 
abstainers  from  alcohol. 

This  movement  had  to  a great  extent  died  out  by  the 
year  1850. 
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Now,  the  density  of  the  population  in  this  county  (of 
Anglesey)  has  remained  almost  stationary,  hut  its  mortality 
has  increased,  as  shown  by  the  following  table : 


Density  and  Mortality  in  the  Island  of  Anglesey  in  Three 

Decenniads. 


District. 

Density. 

Annual  Mortality. 

PersoSs  to  a Square  Mile. 

Deaths  to  1,C00  Living. 

1841-50 

1851-60 

1861-70 

1841-50 

1851-60 

1861-70 

Anglesey 

3-41 

3T6 

3-36 

17 

19 

21 

Since  the  population  of  these  districts  has  certainly  im- 
proved in  material  comfort  in  the  last  20  years,  it  is  probable 
that  a large  part  of  the  increased  mortality  may  be  fairly 
ascribed  to  the  increased  use  of  alcohol.  A similar  state- 
ment holds  good  with  regard  to  other  parts  of  Wales. 

If  it  were  allowable  to  extend  the  analogy  of  these  places 
to  the  whole  of  England,  the  stationary  condition  of  the 
death-rate  of  the  country  would  have  to  be  accounted  for  by 
discovering  some  causes  that  had  diminished  the  death-rate 
by  at  least  two  or  three  per  1,000,  and  had  saved  about 
40,000  or  50,000  lives  every  year. 

I cannot  help  thinking  that  in  many  parts  of  England 
this  statement  falls  short  of  the  truth,  aud  that  we  have  to 
thank  sanitary  effort  for  saving  the  country  from  a still 
greater  loss. 

3.  The  third  element  in  the  positive  increase  of  the  death- 
rate  is  the  infant  mortality.  Now,  this  I have  already 
included  to  some  extent  under  the  head  of 'preventible  mor- 
tality;’ but  whilst  it  is,  perhaps,  more  under  the  control  of 
proper  hygienic  conditions  than  any  other  forms  of  death. 
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these  conditions  are  rather  to  he  ranged  under  the  sub-title 
of  domestic  arrangements  than  as  pertaining  to  the  ordinary 
sanitary  work  of  local  authorities.  It  is  less  likely  than 
adult  mortality  to  be  at  once  affected  by  the  more  common 
mechanical  improvements  of  districts,  such  as  improved 
sewage  and  good  water  supply;  and  it  requires  for  its 
amelioration  better  house  accommodation,  more  efficient 
house  drainage,  a freer  supply  of  pure  air,  cleanliness,  a 
proper  supply  of  suitable  sustenance,  and  adequate  protec- 
tion against  infection. 

It  cannot  be  said  that  these  points  have  yet  received 
full  attention  from  the  sanitary  administrators  of  the  country, 
and  hence  the  death  register  of  infants  can  hardly  be  quoted 
as  evidence  of  their  failure. 

On  the  other  hand,  children  are  more  exposed  than  adults 
to  the  already  mentioned  causes  of  ill-health ; they  are  more 
directly  affected  by  over-crowding,  and  they  are  the  first 
to  feel  the  effects  of  the  neglect  arising  from  intemperance. 
This  indirect  consequence  of  the  abuse  of  alcohol  is  probably 
still  more  fatal  than  its  direct  influence. 

It  is  probable  that  the  mode  of  feeding  young  children, 
especially  in  the  manufacturing  districts,  is  becoming  less 
and  less  adequate  to  their  needs. 

The  inquiries  made  by  Dr.  Ferguson  of  Bolton,  and  others, 
show  that  tea  and  many  other  forms  of  experimental  foods 
are  now  tried  upon  children,  instead  of  the  milk  that  was 
formerly  more  easily  procured,  and  that  the  result  is  a 
gradual  falling  off  in  the  physical  power  of  our  manufactu- 
ring populations. 

There  can  then  be  no  doubt  that  the  adverse  iufluences 
bearing  upon  infant  life  have  been  increasing  in  intensity 
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during  the  last  20  years,  and  they  have  not  failed  to  produce 
their  effect. 

Notwithstanding  the  effects  of  overcrowding  and  intem- 
perance, the  adult  mortality  of  the  country,  owing  to  some 
beneficent  cause  or  other,  has  on  the  whole  slightly  dimi- 
nished, but  the  mortality  under  5 years  of  age  has  increased. 

The  following  table,  kindly  prepared  for  me  by  Mr. 
Royston,  from  the  returns  of  the  Registrar  General,  shows 
this  in  a striking  manner  — the  adult  mortality  having 
lessened  T7  per  1000,  the  infant  mortality  having  increased 
1’50  per  1000  in  the  15  years  ending  1870. 

MOETALITY  IN  ENGLAND  AND  WALES. 


Years. 


1838 


Total  Mortality 
per  1000  of 
Population. 


to  [ 

22-4  ... 

1840  ) 

1841 S 
to  > 

21-4  ... 

1845) 

1846  ■) 
to  > 

23-35... 

1850  ) 

1851  ■) 
to  >• 

22-7  .. 

1855  ) 

1856 


to  > 

21-85 ^ 

I860) 

1861“) 

to  > 

22-6 y 

1865) 

1866  S 

to  > 

22-45 J 

1870  ) 

t> 

(M 


CO 

N 

(M 


Mortality  under  5 
to  Population  at 
same  ages. 


66-55 ‘I 


63-9  

,67-0  


69-15 


67-25 1 


69-05 y 


68-2 


CD 

CD 

CD 

CD 


CD 

iH 

do 

CO 


I think  it  will  be  acknowledged  that  it  is  not  easy  for 
sanitary  science  to  struggle  against  the  hostile  forces  that 
have  now  been  enumerated.  If  they  had  not  been  met  by 
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measures  to  some  extent  competent  to  mitigate  their  power 
the  condition  of  the  country  would  have  been  perilous  in 
the  extreme,  and  at  the  present  time  we  are  by  no  means 
free  from  serious  danger  owing  to  their  increasing  pressure 
— danger  of  epidemic  disease  fostered  by  the  organic  matter 
generated  by  overcrowding — danger  from  intemperance  to 
both  national  health  and  national  wealth — and  danger  of 
deterioration  of  race  owing  to  the  sickliness  and  stunted 
growth  of  the  children  that  survive.  It  is  surely  our  duty 
then  to  promote  a more  efficient  system  of  sanitary  adminis- 
tration— to  take  full  advantage  of  the  facilities  afforded  by 
recent  legislation  for  the  improvement  of  our  towns — to  try 
to  abate  the  practice  of  intemperance — and  to  endeavour  to 
spread  amongst  all  classes  a knowledge  of  the  laws  of 
health. 
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Ordinary  Meeting,  April  3rd,  1877. 

K Angus  Smith,  Ph.D.,  F.RS.,  &c.,  Vice-President,  in  the 

Chair. 

“ On  the  Action  of  Water  and  Dilute  Saline  Solutions 
upon  Lead.” — Addendum  to  Part  III. — By  M.  M.  Pattison 
Mum,  F.R.S.E.,  Assistant  Lecturer  on  Chemistry,  the 
Owens  College. 

In  a paper  read  to  the  Society  (Proc.  xvi.,  142)  I recorded 
the  results  of  a few  experiments  upon  the  effect  of  rolling 
sheet  lead  as  tending  to  alter  the  solvent  action  of  dilute 
saline  solutions  upon  such  lead.  I have  now  to  supplement 
these  experiments  by  others  of  a similar  description.  The 
results  are  tabulated  below. 


Sample  No.  1. 

EXPERIMENTS  CARRIED  OUT  IN  CORKED  FLASKS,  500  cbc.  LIQUID 

IN  EACH. 


Salt. 

Grams 

per 

litre. 

Sur-  1 
face  of 
Lead, 
sq.cm. 

Natxire  of  Lead. 

Lead  dissolved  in 
Mgms.  after 

2 days 

5 days 

16  days 

Wat, fir  



25 

As  purchased  

0 7 

trace 

trace 

Pnta.ssinTTi  Oa.rbona.tfi  

0-20 

trace 

none 

none 

Do.  Nitra.tfi  

1-7 

trace 

trace 

Ammonium  do 

1-7 

1-1 

10-0 

Do.  Sulphate  

1 trace 

trace 

trace 

Calcium  Chloride 

i trace 

0*5 

1-0 

Water  

Rolled  out  till  thinner  . . 

trace 

0-3 

O'o 

Potassium  Carbonate  

99 

trace 

trace 

trace 

Do.  Nitrate  

1-3 

11-0 

14-0 

Ammonium  do 

1-3 

6-0 

10 -0 

Do.  Sulphate  

99 

1-0 

0-7 

0-4 

Calcium  Chloride 

trace 

trace 

O'o 

Water  

Rolled  out  'till  much 

thinner 

1-0 

0-5 

0'3 

Pota.ssinm  Carbonatfi 

99 

' trace 

trace 

trace 

Do.  Nitrate 

0-7 

0-3 

trace 

Ammonium  do.  

1*5 

1-7 

100 

Do.  Sulphate  

10 

O'S 

0-4 

Calcium  Chloride 

99 

99  99  99 

trace 

trace 

0'5 

Proceedings — Lit.  & Phil.  Soc.— Vol.  XVI. — No.  12 — Session  1876*7. 
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EXPERIMENTS  CARRIED  OUT  IN  BEAKERS,  LOOSELY  COVERED  WITH 
POROUS  PAPER,  500  cbc.  LIQUID  IN  EACH. 


Water  

Potassium  Carbonate 
Do.  Nitrate..- 

Ammonium  do 

Do.  Sulphate 

Calcium  Chloride  

Water  

Potassium  Carbonate 
Do.  Nitrate  . . 
Ammonium  do. 

Do.  Sulphate.. 

Calcium  Chloride  

Water 


Potassium  Carbonate 
Do.  Nitrate.... 

Ammonium  do 

Do.  Sulphate.. 
Calcium  Chloride  .... 


— 

25 

0-20 

55 

55 

}> 

55 

a 

5 5 

55 

55 

53 

55 

55 

55 

55 

55 

> 5 

55 

15 

55 

55 

55 

55 

55 

55 

55 

5» 

55 

55 

55 

55 

As  purchased 


Rolled  out  till  thinner 


Rolled  out  till  much 
thinner  


Sample  I^o. 


a 


EXPERIMENTS 


Water 

Potassium  Carbonate 

Do.  Nitrate 

Ammonium  do 

Do.  Sulphate., 
Calcium  Chloride  .... 

Water  

Potassium  Carbonate 
Do.  Nitrate  .. 
Ammonium  do. 

Do.  Sulphate.. 

Calcium  Chloride 

Water  


Potassium  Carbonate 
Do.  Nitate  . . . . 

Ammonium  do 

Do.  Sulphate 
Calcium  Chloride  . . . . 


— 

25 

0-20 

55 

55 

55 

55 

55 

55 

55 

55 

55 

55 

5» 

55 

55 

55 

55 

55 

55 

>> 

55 

55 

55 

55 

55 

55 

55 

55 

55 

55 

55 

55 

IN  EACH. 

As  purchased 


Rolled  out  tiU  thinner 


Rolled  out 
thinner  . 


till  much 


! 1-0 

0-2  , 

trace 

trace 

0-3 

trace 

1-2 

0-5 

1-0 

0-8 

10 

0-8 

0-8 

0-4 

trace 

trace 

trace 

trace 

1-0 

1-0 

1-0 

0-6 

0-3 

0-3 

0-4 

trace 

none 

none 

0-3 

trace 

1-2 

0-4 

1-0 

0-8 

0*3 

0-3 

30  cbc.  LIQUI 

0-5 

0-4 

trace 

none 

0-3 

0-3 

11 

0-5 

0-4 

0-2 

il  0-5 

0-3 

" 0-3 

0'5 

trace 

trace 

1-6 

20-0 

0-6 

10  0 

0-3 

0-3 

1 trace 

0*3 

0-3 

0-3 

trace 

trace 

. 1-0 

0-5 

: 1-5 

12-0 

: 0-3 

0-3 

0*3 

0-3 

trace 

none 

trace 

trace 

0-5 

0- 7 
trace 
none 
trace 

0-8 

1*0 

1- 0 

trace 

none 

trace 

trace 

1-0 

2-0 


0-4 

none 

0-3 

0-4 

0-2 

0-2 

0-4 

trace 

30-0 

18-0 

03 

0-3 

0‘3 

trace 

0-4 

25-0 

0‘3 

0'3 


EXPERIMENTS  CARRIED  OUT  IN  BEAKERS. 


Wa.tfiv  

25 

As  nnrehased  

0-2 

trace 

trace 

Pnta.ssinm  Carbonate 

0-20 

trace 

Do.  Nitrate  

0-4 

” 

Ammonimn  do.  

55 

5) 

0-8 

Do.  Sulphate 

5 5 
55 

55 

55 

57 

trace 

55 

55 

Calninm  Chloride 

trace 

Water  

55 

Rolled  out  till  thinner  . . 

1 0-2 

55 

55 

Potassium  Carbonate 

55 

55  • • 

' trace 

55 

55 

Do.  Nitrate  

0-4 

55 

55 

Ammonium  do 

0-8 

55 

55 

Do.  Sulphate  

55 

>5 

55 

5 5 • • 

trace 

» 

55 

Calcium  Chloride 

trace 

55 

55 

Water  

Rolled  out 

till  much 

1 

thinner  . 

i 0-2 

55 

15 

Potassium  Carbonate 

55 

t) 

5 5 55 

trace 

55 

55 

Do.  Nitrate  

55  55 

1 0-3 

55 

55 

Ammonium  do 

55  5 5 

i 0-6 

55 

55 

Do.  Sulphate  

55 

55 

55 

55  55 

1 0-2 

55 

55 

Calcium  Chloride 

55 

55 

55 

55  55 

i 0-2 

55 

55 

The  general  result  which  I deduce  from  these  experi- 
ments is  that  rolling  has  no  material  influence  upon  the 
solvent  action  of  water  and  of  dilute  solutions  of  Potassium 
Carbonate,  of  Ammonium  Sulphate,  and  of  Calcium  Chloride 
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upon  lead ; but  that  rolling  tends  to  increase  the  solvent 
action  of  dilute  solutions  of  Potassium  and  Ammonium 
Nitrates  upon  lead.  This  conclusion  applies  only  to  ex- 
periments carried  out  in  corked  flasks.  In  the  experiments 
performed  in  Beakers  the  conditions  are  complicated  by  the 
admission  of  air,  and  consequent  more  or  less  complete  pre- 
cipitation of  the  soluble  lead  salt  at  first  produced. 


“The  Drunkenness  Statistics  of  the  Large  Towns  in 
England  and  Wales,”  by  J.  H.  Poynting,  B.A.,  B.Sc. 

The  February  number  of  the  Fortnightly  Revieio  contains 
an  article  by  Mr.  Chamberlain  on  “ Municipal  Public 
Houses,”  in  which  he  incidentally  combats  the  proposition 
that  “ the  multiplication  of  public-houses  has  a tendency  to 
diminish  intemperance.”  To  prove  the  error  of  this  he  has 
given  a diagram  in  which  the  71  towns  of  England  and 
Wales  with  a population  above  20,000  are  arranged  in  order 
from  Cambridge,  with  the  greatest  number  of  public  houses  in 
proportion  to  the  population  (one  to  every  100  persons),  to 
Plymouth  with  the  least  (one  to  every  840  persons). 

The  following  table  contains  the  towns  arranged  in  their 
order  : — 


I.  Table  giving  the  proportion  of  public-houses  to  popu- 
lation in  all  towns  of  20,000  inhabitants  and  upwards  in 
England  and  Wales  for  the  year  1875.  [From  Mr.  Cham- 
berlain’s article.] 


No.* 

1 Cambridge  

2 Canterbury 

3 Oxford  

4 Southampton 

6  Shrewsbury 

6 Northampton 

7 Norwich  

8 Portsmouth 

9 Reading  

10  Dover 

11  Swansea  

12  Great  Yarmouth .... 

13  Worcester 

14  Hanley  

15  Coventry  

16  Scarborough  

17  Bristol  

18  Tynemouth 

19  Walsall 

20  Brighton  

21  Maidstone  

22  Colchester  

23  Newport,  Mon 

24  Wolverhampton .... 
* The  numbers  of  the 


1 in 
100 
100 
no 
no 
no 
120 
120 
120 
120 
130 
130 
130 
130 
130 
130 
130 
140 
140 
140 
140 
140 
140 
140 
140 


No.*  1 in 

25  Derby 140 

26  Ipswich 140 

27  Manchester 140 

28  Salford  150 

29  Chester 150 

30  Blackburn  150 

31  Gravesend  150 

32  Leamington 150 

33  Newcastle-on-Tyne..  150 

34  Sheffield  160 

35  York  160 

36  Nottingham  160 

37  Lincoln 160 

38  Bath  170 

39  Leicester 170 

40  Sunderland 170 

41  Ashton-under-Lyne . 170 

42  Wakefield 170 

43  Macclesfield  170 

44  Preston ISO 

45  Hull  180 

46  South  Shields 180 

47  Birmingham  180 

48  Dewsbury  180 


No.*  1 in 

49  Wigan  190 

50  Rochdale 190 

51  Hastings  190 

52  Great  Grimsby  ....  190 

53  Staly bridge 190 

54  Stockport 190 

55  Oldham 190 

56  Bolton  200 

57  Liverpool 200 

58  Birkenhead 200 

59  Devonport  200 

60  Gateshead  200 

61  Carlisle 210 

62  Cardiff  220 

63  Warrington 230 

64  Halifax 230 

65  Exeter  230 

66  Huddersfield  240 

67  Leeds . . 240 

68  Bradford  260 

69  Southport 270 

70  Middlesborough. . ..  300 

71  Plymouth 340 


towns  are  those  by  which  they  are  denoted  in  Figs.  I.,  II.,  Ill, 
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Mr.  Chamberlain  has  exhibited  the  proportion  by  means 
of  a curve  in  black  ink  which  I have  copied  in  Fig.  I.  The 
numbers  are  taken  from  the  Blue  Book  Police  (Counties 
and  Boroughs)  Reports  for  the  year  ending  September,  1875. 
In  this  figure  the  towus  of  Table  I.  are  supposed  to  be 
arranged  in  order  from  left  to  right,  and  the  height  of  the 
curve  opposite  each  town  represents  the  number  of  persons 
to  each  public-house.  Owing  to  want  of  space,  only  every 
fifth  town  is  actually  printed.  Mr.  Chamberlain  then  puts  a 
mark  opposite  each  town  on  the  same  diagram  showing  the 
number  of  persons  proceeded  against  for  drunkenness  in 
proportion  to  the  population  in  that  town  during  the  same 
year,  the  numbers  varying  from  one  in  500  in  Cambridge 
and  Maidstone,  to  one  in  20  in  Tynemouth,  South  Shields, 
and  Liverpool.  The  marks  thus  placed  are  joined  by  a red 
ink  curve.  Mr.  Chamberlain  remarks  that  “if  the  paradox 
of  the  supporters  of  free  trade  in  drink  were  sustainable  by 
these  statistics  the  red  line  would  incline  throughout  from 
right  to  left  in  the  opposite  direction  to  the  black  line ; but 
it  will  be  seen  that  it  crosses  backwards  and  forwards  with 
no  approach  to  any  order  or  law.” 

But  it  seemed  to  me  on  inspecting  the  diagram  that  on 
the  average  the  number  of  apprehensions  for  drunkenness 
increased  considerably  towards  the  right  hand  of  the  diagram 
where  the  public  houses  were  fewest  in  proportion  to  the 
population.  To  see  if  this  was  really  the  case  I grouped 
the  numbers  together  in  the  following  wav.  I took  the 
mean  of  the  numbers  of  persons  to  each  apprehension  for 
drunkenness  on  the  first  twenty  towns,  and  put  a mark  on 
the  diagram  opposite  the  middle  town  of  the  twenty  at 
a height  representing  this  mean;  then  the  mean  of  the 
twenty  towns  from  the  second  to  the  twenty-first,  and  put 
a mark  opposite  the  middle  town  of  the  twenty  to  repre- 
rent this  mean ; then  the  mean  of  the  twenty  towns  from 
the  third  to  the  twenty-second,  and  so  on.  Running  a curve 
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as  nearly  as  possible  through  the  fifty  points  thus  obtained 
I found  the  curve  to  take  the  course  given  in  Fig.  II.  The 
numbers  for  the  year  ending  September,  1876,  treated  in 
the  same  way,  gave  a similar  curve,  both  curves  slanting 
very  decidedly  in  the  opposite  direction  to  the  public-house 
curve,  and  would  seem  to  indicate  that  the  fewer  public 
houses  there  are  the  greater  on  the  average  the  number  of 
apprehensions  for  druukenness.  This  method  of  examining 
the  numbers  seems  justified  in  this  respect,  that  grouping  a 
large  number  of  towns  together  will  to  some  extent  neutral- 
ise the  effect  of  more  or  less  stringent  police  regulations 
and  other  circumstances  peculiar  to  individual  towns. 

It  would  of  course  be  absurd  to  infer  from  these  curves 
that  because  there  are  more  public-houses  in  certain  towns , 
therefore  there  is  less  drunkenness.  It  would  be  far  more 
likely  that  the  fewness  of  public-houses,  and  the  prevalence 
of  drunkenness,  arise  from  some  common  cause.  It  seemed 
possible,  for  instance,  that  when  there  was  great  prosperity 
the  population  would  probably  increase  quickly,  and  through 
the  difficulty  in  obtaining  licenses,  the  public-houses  would 
not  keep  pace  with  the  increase  of  the  population.  At  the 
same  time,  when  there  was  great  prosperity,  there  would  be 
higher  wages  and  more  money  to  spend,  and  therefore  more 
possibility  of  drunkenness. 

I therefore  grouped  the  towns  as  before,  in  twenties,  but 
this  time  taking  the  numbers  showing  the  percentage  in- 
crease in  population  during  the  years  I86I-7I,  and  then 
drawing  a curve  nearly  through  the  points  thus  obtained,  it 
took  the  course  shown  in  Fig.  III.  This,  by  altering  the 
scale,  might  almost  be  made  to  coincide  with  the  public- 
house  curve  in  Fig.  I. 

If  the  towns  be  now  arranged  in  order  of  their  percentage 
increase  of  population,  during  these  ten  years,  from  Canter- 
bury, Bath,  and  Ashton,  with  either  no  increase  or  a decrease 
to  Huddersfield,  with  an  increase  of  217  per  cent,  the  in- 
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crease  in  population  can  be  represented  by  the  curve  given 
in  Fig.  IV.  If  the  figures  for  the  apprehensions  for  drunken- 
ness in  these  towns  be  grouped  by  twenties  as  before,  and 
a curve  be  run  nearly  through  the  points  representing  the 
means,  Fig.  V.  is  obtained,  in  which  the  curve,  though  not 
so  regular  as  those  of  figures  3 and  4,  still  takes  in  general 
the  opposite  slant  to  the  curve  of  Fig.  IV. 

This  method  of  examining  the  numbers  is  unsatisfactory 
in  this  point,  that  a town  such  as  Liverpool,  with  490,000 
inhabitants,  has  only  the  same  effect  on  the  course 
of  the  curve  as  Southport  with  20,000  inhabitants. 
Fig.  VI.  represents  tlie  proportion  of  public-houses 
per  ten  thousand  of  the  population  on  this  principle. 
The  population  of  each  town  is  taken  as  the  nearest  ten 
thousand,  to  save  trouble  in  calculating.  The  towns  are 
then  grouped  together  in  hundred  thousands,  so  that  each 
square  now  represents,  instead  of  a town,  a population  of 
100,000.  The  numbers  at  the  top  refer  to  the  towns  with 
the  same  numbers  in  Fig.  I.  included  in  each  100,000.  If 
the  numbers  of  apprehensions  for  drunkenness  for  10,000  of 
the  population  in  each  of  these  populations  of  100,000  be 
grouped  by  tens  as  before,  the  curve  in  Fig.  VII.  is  obtained. 
This  does  not  now  follow  the  opposite  course  to  the  public- 
house  curve  so  regularly  as  did  those  of  Figs.  3 and  4,  though 
it  is  still,  on  the  whole,  higher  on  the  right  hand  where  the 
public-house  curve  is  lower. 

The  two  great  rises  are  caused  chiefly  : the  first  by  Man- 
chester and  Salford;  the  second  by  Liverpool,  as  will  be  seen 
by  referring  to  the  numbers  in  Fig.  VII.  oj)posite  the  rises. 

If  the  towns  be  arranged  in  order  of  apprehensions  for 
drunkenness  for  the  year  1875,  from  Cambridge  with  one 
in  500  to  Liverpool  with  one  in  20,  it  at  once  becomes 
evident,  that  on  the  whole,  in  the  north  of  England,  there 
is  a greater  proportion  of  apprehensions  than  in  the  south. 

The  following  are  the  towns  arranged  in  that  order ; — 
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( Maidstone 


o 

( Norwich 

o 

\ Devonport 

5 

Colchester 

6 

Hastings 

28  < 

7 

Ipswich 

8 

Oxford 

9 

Portsmouth 

33 

10 

Dover 

11 

Brighton 

( 

12 

( Coventry 
t Bath 

35  j 

14 

Leamington 

( 

15 

Canterbury 

38^ 

16 

Great  Yarmouth 

C 

17 

Reading 

18 

Exeter 

19 

C Plymouth 
i Sheffield 

41  < 

21 

Leicester 

22 

Northampton 

( 

23 

Bristol 

461 

24 

Lincoln 

Table  II. 

( Bradford 


Gravesend 

Worcester 

Southamptoi 

Macclesfield 

Preston 


Cardiff 

W olverhampton 

Scarborough 

Swansea 


(.  Stalybridge 


C Halifax 
46  < Southport 
C Middlesborough 
r Oldham 
52  J Wigan 
I Nottingham 
t_Derby 

56  Wakefield 
'’Sunderland 

Ashton 

57  Kochdale 
Great  Grimsby 
Stockport 

_ Manchester 
Salford 
Newcastle 
62 Dewsbury 
Birkenhead 
Gateshead 
Warrington 
C Tynemouth 
69  } South  Shields 
(.  Liverpool 


If  a map  of  England  and  Wales  be  drawn  with  the  paral- 
lels of  latitude  and  longitude,  and  the  average  numbers  of 
apprehensions  per  ten  thousand  in  each  square  formed  by 
these  parallels  (or  where  the  districts  are  populous  in  each 
half  or  quarter  square)  are  marked  in  their  respective  squares , 
it  will  be  seen  that  the  drunkenness  apprehensions  are 
nearly  the  same  along  the  south  and  south-east  coasts,  and 
that  they  then  increase  in  a direction  turning  round  more 
and  more  to  the  north-west,  as  we  proceed  noithward.  I 
have  not  had  time  to  examine  the  numbers  for  the  smaller 
towns  and  for  the  counties  to  see  whether  they  bear  this  out. 

The  numbers  from  which  the  curves  are  constructed  are 
not  the  exact  ones  obtained  from  the  police  report ; usually 
I have  taken  the  nearest  tens  to  facilitate  calculation. 
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I.— Table  showing  the  proportion  of  public-houses  to  population  in  all  townsjof  20,000  and  upwards  in  England  and  Wales  {Fortnightly  Review,  Feb-,  1877), 
Year  ending  September,  1875. 

II- — ^Table  showing  the  proportion  of  persons  proceeded  against  in  year  ending  September  29,  1875.  _ - i.  »• 

sbowing  percentage  increase  of  population,  in  the  towns  from  1861  to  1871.  The  curve  obtained  by  grouping  the  towns  in  twenties. 
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r-FIG.  V.-^  , FIG.  IV. , 


Canterbuiy 
Bath 

Ashton-under- Lyn 
Macclesfield 
Shrewsbury 
Exeter 
Devonport 
Wigan 
Worcester 
Manchester 
Carlisle 
Preston 
York 
Coventry 
Norwich 
Plymouth 
Liverpool 
Oxford 
Colchester 
Wolverhampton 
Dover 
Maidstone 
Gravesend 
Ipswich 
Chester 
Southampton 
Oldham 
Cambridge 
Tynemouth 
Derby 

Nottingham 
Newport 
Birmingham 
Newcastle 
Bristol 
Leamington 
Portsmouth 
Brighton 
Great  Yarmouth 
Blackburn 
Reading 
Salford 
Wakefield 
Bolton 
Sunderland 
Hull 
Walsall 
Warrington 
Swansea 
Birkenhead 
Leeds 

Northampton 
Lincoln 
South  Shields 
Hastings 
Sheffield 
Scarborough 
Bradford 
Leicester 
Gateshead 
Rochdale 
Halifax 

Great  Grimsby 
Cardiff  ’ 

Middlestorough 
Huddersfield 

FIG.  IV.— Table  showing  the  percentage  increase  in  population  in  the  towns  during  th 
ten  years  1861-71. 

FIG.  V. — Table  showing  the  proportion  of  persons  proceeded  against  for  drunkenness. 

The  numbers  for  the  towns  grouped  in  twenties,  year  ending  Sept.  29. 1876. 


0 per  10,000 
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fig.  VII. — 


r-FIG.  YI.-^ 


Towns  included  in  each 
group  of  100,000.  The 
numbers  referring  to 
Fig.  I. 


1—4 

4—7 

7— 8 

8— 9 

9— 12 
12—14 
15—17 
17 

17—19 

19— 20 

20— 23 
23—25 
25—27 
27 

27 

27 

27- 28 

28- 30 
30—33 

33 

33— 34 

34 

34— 35 

36— 37 

37— 39 

39— 40 

40— 42 
42—44 
44 — 45 
4.5—46 
46 

46 

46 

47—49 

60—62 

62—65 

65— 56 

66— 57 
67 

67 

67 

67 

67— 69 

69— 61 
62-64 
64-65 

66— 67 
67 

67 

67— 68 

68— 70 

70— 71 


FIG.  VI. — Table  showing  the  proportion  of  public-houses  per  10,000  of  population. 
Population  grouped  in  hundred  thousands. 

FIG.  VII. — Table  showing  the  proportion  of  persons  proceeded  against  per  1,000  of  the 
population.  The  population  grouped  in  hundred  thousands,  and  these 
numbers  again  grouped  in  tens. 
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PHYSICAL  AND  MATHEMATICAL  SECTION. 

February  27th,  1878. 

E.  W.  Binney,  F.E.S.,  F.G.S.,  President  of  the  Section,  in 

the  Chair. 

^^Eesults  of  Eain  Gauge  Observations  made  at  Eccles, 
near  Manchester,  during  the  year  1876,”  by  Thomas  Mac- 
KERETH,  F.E.A.S.,  F.M.S. 

The  rainfall  of  last  year  was  again  above  the  average  to 
a greater  extent  than  that  of  the  previous  year.  One 
striking  characteristic  of  the  rainfall  of  last  year  is  the  fact 
that  most  of  the  usually  driest  months  of  the  year  were  the 
wettest,  and  all  the  wettest  months  were  the  driest.  The 
fall  of  rain  for  February,  March,  and  April  amounted  to  a 
trifle  over  10  J inches,  whilst  the  average  amount  for  those 
months  only  equals  a little  over  61  inches;  or  in  other 
words,  these  months  had  six  weeks’  rainfall  in  excess  of 
their  average.  The  summer  months,  viz.  June,  July,  and 
August,  had  a trifling  excess,  whilst  the  months  which  are 
usually  the  wettest,  namely  September  and  October,  were 
amongst  the  driest.  About  8J  inches  usually  falls  in  those 
two  months,  whilst  last  year  the  rain  that  fell  in  them  was 
only  6f  inches.  The  number  of  days  of  rainfall  was  however 
a trifle  below  the  average.  The  following  table  shows  the 
results  obtained  from  a rain-gauge  with  a lOin.  round 
receiver  placed  8ft.  above  the  ground. 
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Quarterly 

Periods. 

1876. 

FaU 

in 

Inches. 

Average 

of 

16  years. 

Differences. 

Quarterly 
1 Periods. 

Average 

of 

16  years. 

1876. 

Average 

of 

16  years. 

1876. 

Days. 

Days. 

r January  

1*852 

2*794 

—0*942’) 

51 

50 

< February 

3*989 

2*221 

-1-1’768  [ 

7*472 

9-512 

t March 

3*671 

2*457 

4-1*214  J 

r April  

3*129 

1*989 

-j-l*140S 

46 

42 

] May 

1*084 

2-051 

—0-967  [ 

6*749 

7-044 

( June 

2-831 

2-709 

+0-122) 

( July 

3*247 

3-224 

4-0*023  ) 

53 

56 

< August 

3*599 

3-349 

4-0-250  f 

10-685 

10*597  1 

(.  September  ... 

3*751 

4*112 

—0*361  ) 

f Ontnbpi’.. 

2*984 

4*227 

— 1*243  ) 

57 

55 

■<  November  ... 

3-208 

3*317 

-0*109  f 

10*556 

11*202 

( December  ... 

5*010 

3-012 

+1*998) 

207 

203 

38-355 

35*462 

+2*893 

In  the  next  table  are  given  the  results  obtained  from  rain 
gauges  of  two  different  kinds,  placed  in  close  proximity  in 
the  same  plane,  and  3ft.  from  the  ground,  the  one  has  a lOin. 
round  receiver,  and  the  other  a 5in.  square  one.  The  differ- 
ence between  the  amount  that  fell  in  each  kind  of  gauge  is 
very  small.  It  is  not  always  the  same  amount  of  difference, 
nor  of  the  same  kind,  for  tha  excess  or  insufficiency  is  some- 
times in  the  one  and  sometimes  in  the  other  gauge,  the 
average  difference  for  the  whole  year  amounts  only  to  rofo 
of  an  inch.  Thus,  as  I’  have  said  before,  these  gauges  are 
good  checks  upon  each  other. 
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1876. 

Rainfall  in 
inches, in  lOin. 
rotindreceiver 
3 feet  from 
the  gronnd. 

Rainfall  in 
inches,  in  Sin. 

square  re- 
ceiver, 3 feet 
from  the 
ground. 

Differ- 

ence. 

From  186 

Average  of 
Nine  Years’ 
Rainfall  in 
inches, in  lOin. 
round  receiver 
3 feet  from 
the  ground. 

7 to  1876. 

Average  of 
Nine  Years’ 
Rainfall  in 
inches,  in  Sin. 

square  re- 
ceiver, 3 feet 
from  the 
ground. 

Differ- 

ence. 

January  ... 

1-852 

1-851 

— -001 

2-945 

2-998 

+•053 

February... 

3-989 

4-019 

-p-030 

2-198 

2-170 

—•028 

March 

3-671 

3-638 

—•033 

2-366 

2-383 

+•017 

April 

3-129 

3-206 

+ •077 

1-994 

1-980 

—014 

May 

1-084 

1-062 

— •022 

1-905 

1-876 

—•029 

June. 

2-831 

3-147 

+•316 

2-579 

2-591 

+•012 

July ......... 

3-247 

3-015 

—232 

3-158 

3-128 

—•030 

August 

3-599 

3-571 

—•028 

3-397 

3-375 

—•022 

September. 

3-751 

3-647 

—•104 

4-034 

3-987 

—•047 

October  .... 

2-984 

2-971 

—•013 

4-761 

4-745 

—•016 

November.. 

3-208 

3-184 

—•024 

3-265 

3-292 

+•027 

December. . 

5-010 

5-025 

+•015 

3-343 

3-289 

— •054 

38-355 

38-336 

—•019 

35-945 

35-814 

—•131 

In  the  next  table  I give  the  results  obtained  from  two 
exactly  similar  gauges,  placed  at  difterent  heights  from  the 
ground,  and  free  from  every  interference ; each  gauge  has  a 
Sin.  square  receiver,  and  the  one  is  placed  8ft.  and  the  other 
34ft.  above  the  ground.  The  total  fall  for  the  year  in  the 
one  8ft.  from  the  ground  was  88 •386  inches,  and  in  the  one 
34ft.  from  the  ground  it  was  32*402  inches.  The  difference 
between  the  fall  in  the  two  gauges  is  5 ’93 4 inches,  or  about 
15  per  cent  less  rain  fell  in  the  higher  gauge  than  in  the 
lower.  There  was  a similar  difference  last  year  with  a 
similar  amount  of  rainfall.  In  the  same  table  I give  the 
average  fall  in  the  same  gauges  for  nine  years,  and  by  com- 
paring the  results,  it  will  be  found  that  the  average  differ- 
ence between  the  fall  in  the  two  gauges  is  about  17  per  centj 
very  nearly  the  difference  I showed  last  year  on  an  eight 
years’  average* 
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1876. 

Rainfall  in  inches 
in  5in.  square  re- 
ceiver, 3ft.  from 
the  ground. 
1876. 

Rainfall  in  inches 
in  Sin.  square  re- 
ceiver, 34ft.  from 
the  ground. 
1876. 

From  186 

Average  fall  of 
rain  in  inches  for 
nine  years,  in  Sin. 
square  receiver, 

3 feet  from  the 
ground. 

7 to  1876. 

Average  fall  of 
rain  in  inches  for 
nine  years,  in  Sin. 
square  receiver, 
34  feet  from  the 
ground. 

January 

1*851 

1*411 

2*998 

2*127 

February  . . . 

4019 

3*231 

2*170 

1*658 

Marcli 

3-638 

2-926 

2*383 

1*879 

April  

3-206 

2 572 

1*980 

1*659 

May 

1-062 

0*987 

1*876 

1*873 

June  

3*147 

2*470 

2*591 

2*247 

July 

3*015 

2*012 

3*128 

2*829 

August  

3*571 

2-942 

3*375 

2*862 

September . , . 

3*647 

3*332 

3*987 

3*439 

October  

2*971 

2*700 

4*745 

3*993 

November  ... 

3*184 

2*882 

3*292 

2*628 

December  ... 

5-025 

4-037 

3*289 

2 635 

38*336 

32-402 

35*814 

29*829 

The  following  table  gives  the  ratios  of  the  excesses  of 
rainfall  8ft.  from  the  ground  over  the  amount  measured  at 
84ft.  from  the  ground.  As  I have  before  shown,  any  single 
year  shows  no  regularity  in  the  succession  of  these  ratios. 
They  are  as  intermixed  for  the  last  year  as  on  any  other 
single  year.  But  when  six,  or  any  higher  number  of 
years  are  taken  together,  and  their  average  ascertained,  then 
a definite  order  is  at  once  visible.  The  following  table  pre- 
sents a nine  years’  average  of  these  ratios,  and  they  occur 
in  precisely  the  same  order  as  they  do  in  a six,  seven,  and 
eight  years’  average.  Thus,  these  averages  show  that  the 
greatest  difference  between  the  amounts  of  rain  which  fell 
in  the  lower  and  higher  gauges  occurs  in  January,  decreases 
gradually  in  difference  till  May  or  June,  and,  with  the  ex- 
ception of  a slight  decrease  in  September,  it  continues  to 
increase  till  the  maximum  is  again  attained  in  January.  I 
cannot  see  that  this  rule  demonstrates  anything  but  what 
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seems  to  be  the  fact  that  more  moisture  is  found  in  the  air 
to  a height  34ft.  from  the  ground,  at  least,  during  January 
than  in  any  other  month  of  the  year,  and  that  the  least  of 
it  is  found  in  May  and  June.  In  the  same  table  I give  the 
amount  of  the  mean  humidity  of  the  atmosphere,  calculated 
from  observations  of  the  dry  and  wet  bulb  hygrometer,  by 
means  of  Glaisher  s tables.  These  results  will  be  found 
almost  entirely  identical  with  the  ratios  of  differences  of 
rainfall,  and  seem  clearly,  and  at  once,  to  point  to  the  cause 
of  the  differences  of  rainfall  between  the  higher  and  lower 
gauges. 


1876. 

Ratios  of  sticli 
rainfall  for  1876. 

Ratios  of  such 
rainfall  for 
average  of  nine 
years,  from  1867 
to  1876. 

Mean  humidity 
of  the  atmo- 
sphere for  nine 
years,  from  1867 
to  1876. 

January 

•762 

•709 

•874 

February  

•803 

•764 

•856 

March 

•804 

•788 

•840 

April  

•801 

•837 

•770 

May 

•930 

•998 

‘753 

June  

•784 

•867 

•751 

July 

•965 

•904 

•761 

August  

•823 

•836 

•793 

September 

•914 

•862 

•778 

October  

•908 

•841 

•841 

November  

‘905 

•798 

•856 

December  

•803 

•801 

•872 

Annual  Eatios 

•850 

•833. 

•812 

In  the  next  table  I give  the  fall  of  rain  for  1876,  during 
the  day,  from  8 a.m.  to  8 p.m.,  and  the  fall  during  the  night 
from  8 p.m.  to  8 a.m.  There  does  not  at  present  seem  to  be 
any  rule  manifest  as  to  the  frequency  of  when  the  day  fall 
shall  exceed  the  night  fall,  or  the  reverse.  From  1868  to 
1873  the  day  fall  always  was  greater  than  the  night  fall. 
But,  in  1874,  the  night  fall  was  in  excess,  and  in  187o  the 
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day  fall  was  again  in  excess,  and  last  year  the  night  fall  was 
again  in  excess.  The  excess  of  last  year’s  night  fall  over 
the  day  was  about  6 per  cent. 


1876. 

Rainfall  in 
inches,  from 
8 a.m.  to  8 p.m. 

Rainfall  in 
inches,  from 
8 p.m.  to  8 a.m. 

Difference 
between  night 
and  day  fall. 

January  

1-226 

0-625 

—0-601 

February  

2-007 

2-012 

+0-005 

March 

1-335 

2-303 

+0-968 

April  

1-718 

1-488 

—0-230 

May 

0-684 

0-378 

—0306 

June  

2-007 

1-140 

—0-867  1 

July 

0-772 

2-243 

+1-471  1 

August  

1-371 

2-200 

+0-829 

September ..... . 

1-702 

1-945 

+0-243 

October  

1-654 

1-317 

—0-337 

November  

1-720 

1-464 

—0-256 

December  

2-017 

3-008 

+0-991 

18  213 

20-123 

+1-910 

In  the  next  table  I present  the  average  day  and  night 
fall  for  a period  of  nine  years.  The  results  of  this  table 
continue,  however,  to  show,  though  by  a very  small  amount, 
that  the  day  fall  exceeds  the  night  fall,  so  far  as  the  whole 
year  is  concerned.  The  months  which  have  an  excess  of 
rainfall  in  the  night  are  the  same  as  those  shown  in  the 
eight  years’  average,  namely — January,  February,  August, 
September,  and  December. 


Average  of  Nine  Years,  from  1867  to  1876. 


1876. 

Rainfall  in 
inches,  from 
8 a.m.  to  8 p.m. 

Rainfall  in  1 
inches,  from 
8 p.m.  to  8 a.m. 

Difference 
between  night 
and  day  fall. 

January  

1-346 

1-652 

+0-306 

February  

0-956 

1-214 

+0-258 

March 

1-214 

1-169 

—0-045 

April  

1-128 

0-852 

—0-276 

May 

1-104 

0-772 

—0-332 

June  

1 524 

1-067 

—0-457 

July 

1-697 

1-431 

—0-266 

August  

1-624 

1-751 

+0-127 

September 

1-856 

2-131 

+0-275 

October  

2-482 

2-263 

—0-219 

November  

1-686 

1-606 

—0-080 

December  

1-425 

1-864 

+0-439 

18-042 

17-772 

! —0-270 

225 


Annual  General  Meeting,  April  l7th,  1877. 

R Angus  Smith,  Ph.D.,  F.RS.,  &c.,  Vice-President,  in  the 

Chair. 

Report  of  the  Council,  April,  1877. 

The  Treasurer’s  account  shows  that  the  ordinary  balance 
is  £46  2s.  lljd.  against  £94  8s.  7d.  on  the  81st  of  March, 
1876 ; but  there  is  owing  to  the  Society  one  year’s  rent  from 
the  Geological  Society,  and  half  a year’s  rent  from  the 
Scientific  Student’s  Association,  which  makes  an  available 
balance  of  £87  10s.  against  £S8  last  year. 

The  number  of  ordinary  members  on  the  roll  of  the 
Society  on  the  1st  of  April,  1876,  was  163  and  7 new 
members  have  since  been  elected ; the  losses  are — deaths  1 ; 
resignations  4 ; defaulters  3.  The  number  on  the  roll  on 
the  1st  instant  was  162.  The  deceased  member  is 
Mr.  Henry  Deacon,  F.C.S. 

Mr.  Henry  Deacon  was  born  in  London  on  the  80th  July, 
1822,  and  was  apprenticed  to  Messrs.  Galloway  and  Sons, 
Engineers,  in  London,  at  the  age  of  14,  when  he  left  school; 
his  taste  at  that  time  having  been  chiefly  in  the  direction 
of  Mechanics.  He  obtained  however  a taste  for  Chemistry 
from  Faraday,  and  may  be  regarded  as  one  of  the  few  pupils 
of  that  distinguished  man.  As  F araday  d id  not  formal  ly  take 
pupils,  this  exception  may  be  considered  as  a great  favour 
owing  to  family  friendship ; and  to  this  part  of  his  life  Mr. 
Deacon  often  referred  with  great  pleasure.  Mr.  Deacon  left 
the  firm  of  Galloway  and  Sons  and  was  engaged  at  a no  less 
eminent  firm,  that  of  Nasmyth  and  Gaskell  of  Pcxtricroft, 
near  Manchester,  and  soon  by  his  ability  and  industry  rose 
to  be  held  in  very  friendly  relations  by  those  around  him. 
PfiocEEDiNas — Lit.  & Phil.  Soc. — Yol.  XYL — No.  13— Session  1876-7. 
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His  mecliamcal  knowledge  caused  him  to  be  soon  removed 
to  become  manager  at  the  Plate  Glass  Works  of  Messrs. 
Pilkington  at  St.  Helens,  in  which  a large  amount  of 
machinery  was  used;  but  as  there  was  some  chemical 
knowledge  needed  also,  and  as  there  was  a Laboratory  at 
the  works,  he  was  not  slow  in  taking  advantage  of  the 
opportunity  and  reviving  the  love  of  chemical  experiments. 
This  caused  another  step  in  his  life,  and  he  was  made 
manager  in  the  Alkali  Works  of  Mr.  Hutchinson,  who 
began,  one  may  say,  in  the  town  of  Widnes.  At  that  place  he 
entered  into  partnership  in  1855  with  Mr.  Gaskell,  who  was 
a partner  in  the  firm  at  Patricroft.  The  works  which  they 
then  built  have  been,  and  still  are,  carried  on  by  the  firm  of 
Gaskell,  Deacon,  and  Co.,  one  of  the  largest  of  the  kind. 

Mr.  Deacon  will  probably  be  best  known  in  connexion 
with  the  process  for  making  Chlorine  by  the  decomposition 
of  Muriatic  Acid  acting  under  heat  upon  a Salt  of  Copper. 
The  process  is  continuous,  and  was  believed  to  come  under 
the  category  of  those  which  by  Berzelius  were  called 
“ Catalytic.” 

It  is  said  that  among  other  circumstances  connected  with 
his  early  life  in  Faraday’s  laboratory,  Mr.  Deacon  dwelt 
with  interest  upon  a question  put  to  him  by  that  philoso- 
pher, namely,  “ How  is  it  that  snow  disappears  when  the 
temperature  of  the  ground  and  of  the  air  are  both  below 
the  freezing  point  ?” — and  he  held  that  the  course  of  reason- 
ing which  this  produced  led  him  after  many  years  to  the 
invention  of  the  new  process  for  making  Chlorine.  In  a 
paper  which  he  read  before  the  Chemical  Society  he  sums  up 
his  views  in  the  following  manner  (Journal  of  the  CJiem. 
Soc.,  vol.  X,,  1872) : 

I.  “With  the  same  mixture  of  Gases  and  at  the  same 
temperature  the  amount  of  Hydrochloric  Acid  decomposed 
by  the  aid  of  a molecule  of  Copper  Salt  in  a given  time 
depends  upon  the  number  of  times  the  molecules  of  the 
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mixed  Gases  are  passed  through  the  sphere  of  action  of 
the  Copper  Salt.  Conversely,  that  the  activity  of  a molecule 
of  Copper  Salt  depends  upon  the  speed  with  which  fresh 
matter  is  presented  to  it  and  the  products  are  removed 
from  it.” 

II.  That  in  long  parallel  tubes  of  the  same  diameter  the 
number  of  opportunities  of  action  in  the  same  time  is  nearly 
the  same  at  all  the  velocities  of  the  current  of  Gas.” 

III.  “ That  in  long  parallel  tubes  of  different  diameters 
the  number  of  opportunities  of  action  of  each  molecule  of 
Copper  Salt  is  the  same  with  the  velocities  of  the  current 
of  Gas  are  in  converse  proportion  to  the  squares  of  the 
tubes’  diameters.” 

lY.  “ That  in  porous  masses  the  opportunities  of  action 
increase  with  increased  velocities  with  the  current  of  Gas 
in  nearly  direct  proportion.” 

Y.  “ That  other  conditions  remaining  the  same,  the  per- 
centage of  Hydrochloric  Acid  decomposed  in  any  given  time 
varies  with  the  square  root  in  proportionate  volumes  of 
Oxygen  and  Hydrochloric  Acid.” 

YI.  “ That  the  Cupric  Chloride  formed  bears  no  definite 
proportion  to  the  quantity  of  Chlorine  produced.” 

YII.  *‘That  as  the  sphere  of  action  includes  molecules 
not  in  contact  with  the  Copper  Salt,  therefore  Hydrochloric 
Acid  must  be  decomposed  under  circumstances  where  the 
union  of  either  element  with  the  Copper  Salt  is  impossible  ; 
that  is,  that  the  decomposition  must  in  part,  if  not  entirely, 
be  caused  by  the  result  of  the  forces  engaged,  and  therefore 
direct  from  Hydrochloric  Acid  of  Oxygen  to  water  of 
Chlorine.  The  amount  of  chemical  change  occurring  in  any 
given  time  is  not  merely  a measure  of  the  chemical  forces 
engaged,  but  is  in  reality  a resultant  of  all  the  forces  en- 
gaged, physical  and  mechanical  as  well  as  chemical.” 

This  idea  he  calls  the  parallelogram  of  forces,  which  he 
considers  analagous  to  that  in  mechanics.  By  this  new 
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process  of  making  Chlorine,  Hydrochloric  Acid,  when  freed 
and  dried,  is  exposed  to  extended  surfaces  containing  a 
slight  amount  of  Copper  Salt.  These  surfaces  are  made  of 
burnt  clay  or  other  material.  The  Chlorine  that  is  formed 
is  passed  through  a washing  apparatus  to  remove  any 
undecomposed  Hydrochloric  Acid,  and  being  dried,  is  con- 
veyed to  the  bleaching-powder  chambers.  These  chambers 
are  very  different  from  those  used  in  the  old  places,  which 
were  simply  large  enclosed  spaces.  Mr.  Deacon’s  chambers 
are  filled  with  layers  of  shelves  placed  one  above  another : 
on  these  the  lime  is  laid,  and  the  Chlorine  is  passed  slowly 
over  them  one  after  another. 

Mr.  Deacon  was  a man  of  great  activity,  taking  an  inter- 
est not  only  in  chemical  manufactories  and  science,  but  also 
in  the  prosperity  and  comfort  of  the  inhabitants  of  the  dis- 
trict in  which  he  lived.  He  was  chairman  of  the  first  Local 
Board,  and  of  the  first  School  Board,  and  his  judgment  on 
all  points  connected  with  the  welfare  of  Widnes,  as  well  as 
of  the  alkali  trade,  was  justly  considered  worthy  of  the 
highest  attention  and  respect.  He  also  attended  as  a magis- 
trate of  the  county  with  great  diligence.  For  several  years 
his  health  had  been  very  uncertain,  but  his  own  belief  was 
that  his  constitution  had  surmounted  the  difficulty  with 
which  it  was  struggling,  when  he  was  seized  with  an  attack 
of  typhoid  fever,  of  which  he  died,  after  only  a week’s  ill- 
ness, on  the  23rd  of  July,  1876,  at  the  age  of  53. 

The  late  Dr.  Dalton’s  apparatus  and  instruments  lent  to 
the  Loan  Exhibition  at  South  Kensington  have  been  safely 
returned,  and  the  Council  are  taking  steps  for  their  perma- 
nent preservation  and  exhibition  in  the  Society’s  Booms. 

In  December  last  the  Council  forwarded  to  the  Boyal 
Commissioners  of  the  Great  Exhibition  of  1851  a memorial 
praying  for  a grant  of  £10,000  out  of  the  surplus  funds  of 
the  Exhibition  to  be  applied  for  the  benefit  of  the  Society ; 
and  in  reply  they  have  been  informed  that  the  Commis- 
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sioners  are  not  about  to  close  their  trust  or  distribute  their 
surplus  funds. 

At  a meeting  of  the  Council  held  on  the  6th  of  March 
last  a resolution  was  passed  unanimously  authorising  the 
President  to  sign  a memorial  to  the  City  Council  in  favour 
of  the  removal  of  the  Reference  Library  from  Campfield  to 
the  Old  Town  Hall,  in  King  Street. 

The  following  papers  and  communications  have  been  rea^ 
at  the  ordinary  and  sectional  meetings  of  the  society  during 
the  present  session : — 

October  Zrd,  1876. — “On  the  Action  of  Water  and  Saline  Solu- 
tions upon  Lead,”  part  II.,  by  M.  M.  Pattison  Muir,  F.R.S.E., 
Assistant  Lecturer  on  Chemistry,  Owens  College. 

October  ^th,  1876. — “Address  on  the  recent  Progress  of  Natural 
History,”  by  Professor  W.  Boyd  Dawkins,  F.R.S.,  &c. 

October  \*lth,  1876. — “On  the  Protection  of  Buildings  from 
Lightning,”  by  Joseph  Baxendell,  F.R.  A.S. 

“On  a Remarkable  Meteor,”  by  E.  W.  Binney,  F.R.S.,  &c., 
President. 

“On  the  Directions  of  the  Face  Joints  of  Oblique  Arches,”  by 
J.  B.  Millar,  B.A.,  communicated  by  Professor  0.  Reynolds,  M.A. 

October  31si5,  1876. — “On  the  Arctic  Expedition,”  by  Professor 
0.  Reynolds,  M.A. 

“On  a Portrait  of  Tycho  Brahe,”  by  Samuel  Crompton,  M.D. 

“Remarks  on  the  General  Affections  of  the  Barometer,  noticed 
by  Mr.  J.  A.  Broun,”  by  Professor  B.  Stewart,  LL.D.,  F.R.S. 

“ On  the  Manner  in  which  Raindrops  and  Hailstones  are 
Formed,”  by  Professor  0.  Reynolds,  M.A. 

November  ^th,  1876. — “ Wealden  Fossils  from  Columbia,  South 
America,”  by  John  Plant,  F.G.S. 

“ The  Raised  Beaches  of  County  Antrim ; their  Molluscan 
Fauna,  and  Flint  Implements,”  by  Mark  Stirrup,  F.G.S. 

N ovember  lith^  1876. — “On  the  Meteor  of  August  15th,”  by 
Mr.  John  Petrie,  communicated  by  the  President. 

“ On  the  Eucalyptus,”  by  E.  W.  Binney,  F.R.S.,  &c.,  President. 

“ Notice  of  a passage  in  Clement  of  Alexandria  on  the  Origin  of 
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certain  Arts  and  Customs,  and  their  Introduction  into  Greece,”  by 
William  E.  A.  Axon,  M.R.S.L.,  &c. 

November  1876. — “The  Eadiometer,”  by  Harry  Grim- 

shaw,  F.C.S. 

“Note  on  a Manganese  Ore,  from  New  South  Wales,  and  on  a 
Specimen  of  Native  Silver  from  New  Zealand,”  by  M.  M.  Pattison 
Muir,  F.R.S.E. 

December  ith,  1876. — “ Notice  of  a Botanical  Excursion  in  the 
Aberdeenshire  Highlands  in  July,  1876,”  by  Mr.  Thomas  Rogers. 

December  'oth,  1876.—  “ Declinations  of  the  Magnet  deduced  from 
Observations  taken  at  Eccles,”  by  Thomas  Mackereth,  F.R.A.S., 

F.M.S. 

December  12th,  1876. — “On  the  Meteor  of  August  15th,”  by  Mr. 
N.  Staples,  communicated  by  the  President. 

“ The  Lowest  Amounts  of  Atmospheric  Pressure  during  the 
last  Sixteen  Years,  as  observed  at  Eccles,”  by  Thomas  Mackereth, 
F.R.A.S.,  F.M.S. 

“ On  the  use  of  Anneline  Colours  in  Tinting  Photographs,” 
by  Joseph  Sidebotham,  F.R.A.S. 

“ On  a Mineral  Water  from  Humphrey  Head,  near  Grange-over- 
Sands,  North  Lancashire,”  by  Joseph  Barnes  and  Harry  Grim- 
shaw,  F.C.S. 

“ On  Ternary  Differential  Equations,”  by  Sir  James  Cockle, 
F.R.S.,  corresponding  Member  of  the  Society. 

December  2Qth,  1876. — “Notice  of  the  ‘Almanacke  for  XII 
Yere,’  printed  by  Wynkyn  de  Worde  in  1508,”  by  William  E.  A. 
Axon,  M.R.S.L.,  &c. 

“A  Notice  of  some  Organic  Remains  from  the  Manx  Schists,” 
by  E.  W.  Binneyj  F.R.S.,  F.G.S.,  President. 

“ On  Changes  in  the  Rates  of  Mortality  from  different  Diseases 
during  the  Twenty  Years  1854 — 73,”  by  Joseph  Baxendell, 

F.R.A.S. 

January  ^th,  1877. — “ On  the  early  Importations  of  Cotton 
into  England,”  by  E.  W.  Binney,  F.R.S.,  &c..  President. 

“ On  the  Poisonous  Properties  of  Yew-leaves,”  by  James  Bot- 
tomley,  D.Sc. 
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On  the  Luminous  Sulphides  of  M.  Ed.  Becquerel,”  by  William 
Thomson,  F.R.S.E. 

“ On  the  types  of  Compound  Statement  in  volving  four  Classes/’ 
by  Professor  W.  K.  Clifford,  M.A.,  F.R.S.  Communicated  by 
Professor  W.  S.  Jevons,  M.A.,  F.R.S. 

January  1877. — On  the  Occurrence  of  Cratsegus  Oxy- 

acanthoides  (Thuill.)  in  the  neighbourhood  of  Manchester,”  by 
Charles  Bailey,  Esq. 

“ List  of  Desert  Plants  collected  at  Ramleh,  near  Alexandria, 
Egypt,  from  September,  1875,  to  April,  187 6,”  by  H.  A.  Hurst,  Esq. 

January  ^Zrd,  1877. — ‘‘Results  of  the  Monthly  Observations  of 
the  Magnetic  Dip,  Horizontal  Force,  and  Declination,  made  at  the 
Magnetic  Observatory  of  the  Owens  College,  from  January,  1874, 
to  December,  1876,  inclusive,”  by  Professor  Thomas  H.  Core,  M, A. 
Communicated  by  Professor  Balfour  Stewart,  LL.D.,  F.R.S. 

February  ^th,  1877. — “ Notice  of  the  Junior  Literary  and  Philo- 
sophical Society  of  Manchester,  1806-1807,”  by  , William  E.  A. 
Axon,  M.R.S.L. 

“ On  Compound  Combinations,”  by  Professor  Cayley,  F.R.S.,  &c. 

“ On  Ternary  Differential  Equations,”  by  Robert  Rawson,  Esq., 
Hon.  Member  of  the  Society. 

“On  various  Forms  of  Vortex  Motion,”  by  Professor  0.  Rey- 
nolds, M.A. 

“ On  the  powerful  Oxidising  Action  of  Animal  Charcoal  upon 
Organic  Matters  as  shown  by  the  Analysis  of  the  Drainage  from  a 
large  heap  of  a Mixture  of  Nightsoil  and  Animal  Charcoal,”  by 
William  Thomson,  F.R.S.E. 

“ A Plea  for  the  Word  ‘Anglo-Saxon,’”  by  Rooke  Pennington, 
LL.B.,  F.G.S. 

February  \ 1877. — “ Contributions  to  the  Life  History  of 

Acidalia  Gontiguaria  (Hiibner),”  by  Joseph  Sidebotham,  F.R.A.S. 

“ Additions  to  the  List  of  Shells  from  Cymmeran  Bay,  Anglesey, 
Part  TV.,”  by  John  Plant,  F.G.S. 

“Footprint  of  ‘ Dinornis,’  Bones  of  ‘Dinoruis’  and  ‘Dodo,’”  by 
John  Plant,  F.G.S. 

“ Upon  Specimens  from  the  Fresh  Water  Deposits  of  La  Limagne 
d’ Auvergne  in  Central  France,”  by  Mark  Stirrup,  F.G.S, 
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February  20^A,  1877.—“  Note  on  a Curious  Allusion  of  a 
Writer  of  the  17th  Century  to  a supposed  Property  of  the  Mag- 
netic Needle,  since  verified  in  the  Invention  of  Telegraphy,”  by 
Harry  Grimshaw,  F.C.S. 

“ On  the  Action  of  Water  aud  Dilute  Saline  Solutions  upon 
Lead,  Part  IIL,”  by  M.  M.  Pattison  Muir,  F.RS.E. 

“ On  the  Increased  Mortality  from  Small-Pox,”  by  Joseph 
Baxendell,  F.R.A.S. 

February  1877.— “ Results  of  Rain-Gauge  Observations 
made  at  Eccles,  near  Manchester,  during  the  Year  1876,”  by 
Thomas  Mackereth,  F.R.A.S.,  F.M.S. 

March  Qth,  1877. — “Note  on  Early  Anticipations  of  a Magnetic 
Telegraph,”  by  Professor  W.  S.  Jevons,  M.A.,  F.R.S. 

“ Note  on  a Passage  in  Strada  containing  a Prevision  of  the  Elec- 
tric Telegraph,”  by  William  E.  A.  Axon,  M.R.S.L.,  F.S.S. 

“ On  the  Law  of  Force  when  a Thin  Homogeneous  Spherical 
Shell  exerts  no  Attraction  on  a Particle  within  it,”  by  J.  H.  Poyn- 
ting,  B.A.,  B.Sc. 

“ Enquiries  concerning  a Change  of  Position  of  the  Earth’s  Axis,” 
by  Arthur  Wm.  Waters,  F.G.S. 

March  2()th,  1877. — “On  the  Action  of  Sea-Water  upon  Lead 
and  Copper,”  by  William  H.  Watson,  F.C.S.  Communicated  by 
Dr.  R.  Angus  Smith,  F.R.S. 

“ Note  on  the  Upper  Coal  Measures  of  Canobie,  Dumfriesshire,” 
by  E.  W.  Binney,  F.R.S.,  &c.,  President. 

“Losses  and  Gains  in  the  Death-toll  of  England  and  Wales 
* during  the  last  30  years,”  by  Arthur  Ransome,  M.A.,  M.D. 

April  ^rd,  1877. — “On  the  Action  of  Water  and  dilute  Saline 
Solutions  upon  Lead.  Addendum  to  Part  IIL,”  by  M.  M.  Patti- 
son Muir,  F.R.S.E. 

“ The  Drunkenness  Statistics  of  the  Large  Towns  in  England 
and  Wales,”  by  J.  H.  Poynting,  B.A.,  B.Sc. 

Several  of  the  above  papers  have  already  been  printed  in 
the  new  volume  of  Memoirs,  and  others  have  been  passed 
by  the  Council  for  printing. 

The  Council  consider  it  desirable  to  continue  the  system 
of  electing  Sectional  Associates,  and  a resolution  on  the 
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subject  will  be  submitted  at  the  annual  meeting  for  the 
approval  of  the  members. 

The  Librarian  reports  that  since  the  last  annual  meeting 
a further  large  number  of  volumes  have  been  bound ; and 
that  the  number  of  societies  with  which  we  correspond 
continues  about  the  same  as  last  year. 
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On  the  motion  of  Mr.  A.  W.  Waters,  seconded  by  Mr. 
J.  A.  Bennion,  the  Eeport  was  unanimonsly  adopted,  and 
ordered  to  be  printed  in  the  Society’s  Proceedings. 

On  the  motion  of  Mr.  E.  F.  Gwyther,  seconded  by  Mr. 
J.  H.  PoY^NTiNG,  it  was  resolved  unanimously. 

That  the  system  of  electing  Sectional  Associates  be  con- 
tinued during  the  ensuing  Session. 

The  following  gentlemen  were  elected  officers  of  the 
Society  and  members  of  the  Council  for  the  ensuing  year : 

lltrsibent. 

EDWARD  WILLIAM  BINNEY,  F.R.S.,  F.G.S. 

rr0iiijents?. 

EDWARD  SCHUNCK,  Ph.D.,  F.R.S.,  F.C.S. 

JAMES  PRESCOTT  JOULE,  LL.D.,  F.R.S.,  F.C.S. 

ROBERT  ANGUS  SMITH,  Ph.D.,  F.R.S.,  F.C.S. 

HENRY  ENFIELD  ROSCOE,  B.A.,  Ph.D.,  F.R.S.,  F.C.S. 

JOSEPH  BAXENDELL,  F.R.A.S. 

OSBORNE  REYNOLDS,  M.A. 

^xtmnxzx, 

CHARLES  BAILEY. 

librarian. 

FRANCIS  NICHOLSON,  F.Z.S. 

the  Caundl. 

REV.  WILLIAM  GASKELL,  M.A. 

ROBERT  DUKINFIED  DARBISHIRE,  B.A.,  F.G.S. 
WILLIAM  BOYD  DAWKINS,  M.A.,  F.R.S.,  F.G.S. 
BALFOUR  STEWART,  LL.D.,  F.R.S. 

CARL  SCHORLEMMER,  F.R.S. 

WILLIAM  E.  A.  AXON,  M.R.S.L.,  F.S.S. 
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PHYSICAL  AND  MATHEMATICAL  SECTION. 

April  24th,  1877. 

Alfred  Brothers,  F.B.A.S.,  in  the  Chair. 

“ ‘ Chambers’s  J ournal’  and  Ozone,”  by  Thomas  Mac- 
KERETH,  F.R.A.S.,  F.M.S. 

It  is  a pity  that  many  of  onr  popular  journals  cannot 
either  let  science  alone  or  state  correctly  and  with  proper 
authority  what  it  teaches.  I have  frequently,  from  such 
periodicals,  seen  the  most  absurd  nonsense  set  forth  as 
scientific  fact.  Either  the  writer  of  such  articles  does  not 
understand  the  subject  about  which  he  is  writing,  or  is  wil- 
fully disposed,  for  reasons  best  known  to  himself,  to  pervert 
the  knowledge  that  has  been  attained.  My  attention  has 
been  drawn  to  two  numbers  of  “ Chambers’s  Journal,”  the 
one  published  for  June  30th,  1876,  and  the  other  for  March 
31st,  1877.  Both  these  numbers  contain  articles  on  ozone, 
and  they  are,  to  say  the  least  of  them,  the  strangest  jumble 
of  facts  and  imagination  I ever  remember  reading. 

I would  draw  attention  to  the  fact  that  on  the  12th  of 
October,  1875,  Mr.  Baxendell,  F.KA.S.,  read  a paper  before 
this  section  “ On  a Source  of  Atmospheric  Ozone,”  and  that 
on  the  29th  of  February,  1866,  Mr.  J.  B.  Dancer,  F.R.A.S., 
read  a paper  before  the  section  on  “An  Account  of  some 
early  Experiments  with  Ozone,  and  Remarks  upon  its  Elec- 
trical Origin.”  To  do  full  justice  to  these  gentlemen  in 
what  I am  about  to  notice  I ought  to  quote  more  extensively 
than  I shall  from  those  excellent  papers.  Mr.  Baxendell 
states,  and  I quote  from  his  paper  first,  because  it  was  the 
first  read,  that 
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“ In  1872  I had  a series  of  observations  made  twice  daily 
for  five  weeks  at  stations  on  opposite  sides  of  one  of  the 
reservoirs  of  the  Manchester  Corporation  Water  Works,  and 
grouping  the  results  according  to  the  direction  of  the  wind, 

I found  that  the  mean  values  for  the  station  on  the  lee  side 
of  the  reservoir  were  not  sensibly  different  from  those  at 

the  station  on  the  windward  side.” “The  results  of  the 

observations  clearly  indicated  that  mere  evaporation  from  a 
large  continuous  surface  of  water  had  no  effect  in  increasing 
the  amount  of  ozone  in  the  air  passing  over  it.  Observations 
and  experiments  made  at  Southport,  on  the  action  of  spray 
from  the  sea,  led  to  no  satisfactory  result,  on  account  of  the 
difficulty  of  eliminating  the  effects  due  to  varying  velocities 
of  the  wind.  I had  long  been  anxious  to  try  the  effects  of 
spray  from  a large  fountain,  but  had  no  opportunity  of  doing 
so  until  June  last.”  Then,  after  describing  the  opportunity 
and  the  experiments  made,  he  says,  “Having  now  proved 
experimentally  that  spray  produced  by  mechanical  means, 
and  ordinary  fog  or  haze  produced  by  the  condensation  of 
aqueous  vapour  in  the  air  are  precisely  similar  in  their  re-  ' 
lations  to  atmospheric  ozone,  and  having  also  shown  that 
the  quantity  of  ozone  usually  found  in  the  air  could  not 
have  been  held  in  solution  by  the  water  from  which  the 
aqueous  vapour  in  the  atmosphere  is  derived,  it  becomes 
evident  that  the  production  of  atmospheric  ozone  is  in  some 
way  dependent  upon  the  minute  state  of  division  in  which 
water  exists  in  the  air  in  the  visible  form  of  clouds,  fogs, 
and  haze,  and  often  also,  probably  in  an  invisible  form.  This 
conclusion  has  led  me  to  infer  that  water  exposed  to  the  air 
has  the  power  of  condensing  oxygen  upon  its  surface  into  a 
thin  film  of  ozone.”  “ Admitting  that  the  inference  I have 
drawn  from  the  facts  given  in  this  paper  is  correct,  it  will 
enable  us  to  explain  why,  on  the  sea  coast,  winds  from  the 
sea  bring  more  ozone  than  those  from  the  land.” 

Here  then  for  the  first  time  is  set  forth  the  results  of  ex- 
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periments  on  spray  for  the  production  of  ozone.  Now,  I 
shall  show  that  the  writer  on  ozone  in  “ Chambers’s  Journal” 
knew,  or  if  he  did  not  it  was  his  own  fault,  that  Mr.  Baxen- 
dell  made  known  these  results  before  either  of  the  articles 
in  the  Journal  appeared.  These  results  were  made  known 
and  widely  circulated  in  October,  1875  ; and  yet,  not  till 
March,  1877,  this  writer  asserts  that  “ It  had  been  noticed 
that  ozone  was  developed  by  the  spray  of  water  when  under 
pressure.”  It  had  been  noticed  ! By  whom  was  it  noticed, 
and  when  ? The  article  reads  as  if  it  had  just  been  noticed 
by  Signor  Bellucci,  for  we  are  told  that  he  “ was  thereby 
induced  to  make  observations  at  the  Falls  of  Terni  to  ascer- 
tain if  ozone  was  produced  by  the  natural  pulverisation 
of  the  water,  especially  as  he  had  often  noticed  there  the 
characteristic  odour  of  ozone.”  It  seems  very  strange,  if 
we  are  to  understand  that  Signor  Bellucci  had  noticed 
that  ozone  was  developed  by  the  spray  of  water,”  and  yet 
he  was  thereby  induced  to  make  observations  to  ascertain 
if  ozone  was  so  produced.  This  is  certainly  the  strangest 
jumble  of  words  I ever  read.  Why  make  observations  of 
what  he  had  noticed,  and  if  he  did  not  notice  the  fact,  who 
did  ? Then  again  we  are  told,  as  if  Signor  Bellucci  had 
originated  the  idea — “ It  is  noteworthy  that  the  air  over  the 
surface  of  the  ocean  is  richer  in  ozone  than  that  collected 
on  land.”  We  are  left  in  the  dark  as  to  how  this  has  been 
inferred  or  ascertained ; yet,  for  further  reasons  I shall  give, 
there  can  be  but  little  doubt  that  the  writer  of  this  quota- 
tion had  the  opportunity  of  learning  that  in  October,  1875, 
Mr.  Baxendell  wrote  from  experimental  inference  “that 
water  exposed  to  the  air  has  the  power  of  condensing  oxygen 
upon  its  surface  into  a thin  film  of  ozone.” 

I pass  now  to  still  more  astonishing  statements  about 
ozone  in  this  journal.  I have  observed  that  in  Februajy, 
1876,  Mr.  Dancer  read  a paper  on  ozone.  This  paper  is 
printed  in  the  Proceedings  of  the  Society.  At  the  head  of 
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the  paper  it  is  clearly  and  distinctly  stated  that  the  paper 
was  produced  and  read  by  Mr.  Dancer,  and  that  “ E.  W. 
Binney,  F.G.S.,  President  of  the  Section,  was  in  the 

chair.”  Notwithstanding  this  obvious  and  unmistakable 
fact,  the  writer  on  ozone  in  the  June  number  of  1876  of  the 
journal,  or  just  four  months  after  Mr.  Dancer  had  produced 
his  paper,  states  that  “We  learn  from  a paper  read  by  Mr. 
Binney  at  a recent  meeting  of  the  Manchester  Literary  and 
Philosophical  Society,  that  the  atmosphere  of  towns  may  be 
sensibly  ozonised,  and,  of  course  improved  in  quality  by  the 
action  of  public  fountains.”  So  that  the  accuracy  of  this 
scientific  writer  makes  Mr.  Binney  most  innocently  do  duty 
for  Mr.  Dancer.  But  this  is  not  all.  In  the  case  of  his 
favourite.  Signor  Bullucci,  he  professes  to  give  a quotation 
from  what  we  thus  learn  the  Signor  has  written.  But  Mr. 
Dancer,  our  own  countryman,  is  not  treated  so  kindly.  Of 
course  we  ought  to  be  kind  and  do  the  highest  justice  to  the 
talents  of  foreigners,  but  this  is  no  reason  why  Mr.  Dancer, 
our  own  countrj^man,  should  be  plagiarised.  1 shall  not  stop 
to  ask  what  the  writer  is  referring  to,  when  he  states  that 
‘ A certain  sea-side  town  has  been  considerably  puffed  into 
notoriety  as  a suitable  resort  for  persons  seeking  health  on 
account  of  the  quantity  of  ozone  in  the  atmosphere,”  he  says, 
“We  will  not  dispute  the  fact,”  but  if  it  be  a fact,  to  talk 
of  disputation  is  sheer  nonsense ; “ but,”  continues  the 
writer,  “ it  may  be  doubted  whether  one  sea-side  town, 
more  than  another,  naturally  possesses  any  specially  large 
amount  of  ozone.”  If  this  writer  had  the  knowledge  he 
pretends  to  have,  his  doubts  on  this  matter,  if  facts  are  any- 
thing to  him,  would  soon  be  removed.  Now,  I ask,  where 
does  the  following  language  come  from,  which  this  writer 
uses  as  his  own  ? “What,  however,  is  ozone  “This  is  a 
question  not  easily  answered  in  a satisfactory  manner.”  Mr. 
Dancer’s  language,  written  four  months  before  was  identical 
with  this.  He  writes,  “ What  is  ozone  ? This  is  a question 
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nob  easily  answered  ia  a satisfactory  manner.”  Mr.  Dancer 
then  gives  some  very  good  reasons  for  his  assertion.  But 
most  ludicrously  when  the  journal  asserts  “ that  it  is  a ques- 
tion more  easily  asked  than  answered,”  proceeds  at  once,  as 
if  all  was  clear,  to  answer  the  question,  doubtless,  to  the 
writer  s satisfaction.  He  says,  too,  “ still  more  manifestly  is 
this  subtle  quality  (ozone)  produced  by  the  dashing  of  waves 
and  spray  against  the  air.”  Doubtless,  there  is  a good  deal 
of  truth  in  this  assertion,  but  who  is  the  author  of  the  idea  ? 
Where  was  it  first  penned  ? If  the  writer  copied  it,  why 
did  he  not  indicate  in  the  usual  way  that  he  had  done  so  ? 
Again,  we  read  in  the  journal,  on  its  own  apparent  authority, 
that  “It  need  only  be  added,  that  the  delicate  and  whole- 
some freshness  of  the  air,  after  a rattling  thunderstorm,  is 
very  much  due  to  the  development  of  ozone.”  How  fine  all 
this  sounds,  especially  when  it  is  known  that  Mr.  Dancer 
had  just  written  in  a paper  that,  doubtless,  had  been  seen 
by  this  writer,  “ That  heavy  storms  of  rain,  hail,  and  snow, 
are  always  accompanied  by  free  electricity,  and  a manifes- 
tation of  ozone.  The  pleasant  sensations  experienced  on 
breathing  the  atmosphere  after  heavy  rain  are,  perhaps,  not 
altogether  due  to  the  washing  of  the  atmosphere,  but  in  part 
produced  by  the  ozone  contained  in  it.”  Both  Mr.  Baxen- 
dell’s  paper  and  Mr.  Dancer’s  paper  were  published  in  the 
same  issue  of  the  “ Proceedings”  of  this  Society. 

“ On  a Popular  Method  of  Observing  Phenomena  on  the 
Surface  of  the  Sun,”  by  J.  B.  Dancee,  F.B.A.S. 

The  surface  of  the  sun  is  generally  examined  by  direct 
vision  through  the  telescope,  but  observers  sometimes  pro- 
ject a magnified  image  of  the  sun  through  the  eyepiece  on 
to  a sheet  of  white  cardboard.  This  method  has  the  advan- 
tage of  enabling  several  persons,  at  the  same  time,  to  view 
the  spots,  an  eclipse,  the  transit  of  a planet,  or  other  pheno- 
mena, and  when  the  telescope  is  mounted  in  an  observatory 
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the  extraneous  light  is  easily  prevented  from  interfering 
with  the  exhibition. 

I have  brought  for  your  inspection  a contrivance  for 
holding  the  sheet  of  cardboard  in  a convenient  manner,  with 
a few  additions,  which  make  this  method  of  observing 
useful  to  some  extent  to  those  who  do  not  possess  a 
micrometer. 

The  following  is  a description  of  the  apparatus  before 
you : — The  cardboard  screen  is  about  six  inches  square,  one 
side  being  perfectly  plain,  and  on  the  other  is  drawn  a circle 
of  about  five  inches  diameter,  which  is  divided  by  finely- 
drawn  lines  into  10  equal  spaces  both  vertically  and  hori- 
zontally. The  lower  end  of  the  centre  vertical  line  is 
marked  N,  the  upper  end  S,  and  at  the  end  of  the  centre 
horizontal  line,  E and  W,  in  the  reverse  of  their  usual 
positions.  This  card  is  made  to  slide  in  a groove  in  a very 
light  wooden  frame.  A thin  brass  tube  is  attached  to  the 
lower  edge  of  the  frame,  and  fixed  carefully  at  right  angles 
to  the  cardboard.  The  other  end  of  the  brass  tube  has  a 
clip  which  fits  the  tube  of  the  astronomical  eyepiece.  (In 
this  instance  I assume  that  an  inverting  eyepiece  is  in  use.) 
The  brass  tube  is  bent  so  that  the  centre  of  the  clip  is  ex- 
actly opposite  the  centre  of  the  card  screw.  On  the  clip  a 
black  cardboard  shade  of  8 inches  square  is  fixed.  This 
shade  prevents  the  direct  light  which  comes  through  the 
opening  in  the  observatory  dome  from  falling  on  the  pro- 
jected image  of  the  sun.  An  eyepiece  should  be  selected 
which  will  show  the  entire  disc  of  the  sun,  and  the  distance 
of  the  cardboard  screen  so  arranged  that  when  the  sun’s 
image  is  sharply  defined  it  exactly  fills  the  circle  drawn  on 
the  card  screen. 

To  facilitate  this,  and  to  make  the  necessary  alterations 
for  the  difference  in  the  sun’s  diameter  during  winter  and 
summer,  there  is  a sliding  adjustment  with  a ciampiug- 
screw.  The  value  of  the  spaces  on  the  circle  can  be  calcu- 


lated  from  the  sun’s  semi-diameter  for  the  day^  as  given  in 
the  “ Nautical  Almanac.” 

If  the  telescope  is  mounted  equatorially,  the  card  circle 
should  he  adjusted  sideways  until  a sjDot  on  the  surface  of 
the  sun  would  keep  accurately  on  the  same  ruled  line  cross- 
ing the  circle,  If  all  these  adjustments  are  carefully 
performed,  the  position  of  a spot  at  a given  time,  or  the  rate 
of  motion  of  any  object  crossing  the  sun’s  disc,  can  be 
approximately  obtained  with  the  aid  of  a good  watch.  If 
M.  Lescarbault  had  possessed  a simple  apparatus  of  this 
kind  when  he  observed  the  transit  of  the  body  across  the 
sun  in  1859,  to  which  the  name  of  Vulcan  has  been  given, 
he  would  probably  have  saved  M.  Leverrier  and  many  other 
astronomers  a large  amount  of  valuable  time.  The  members 
of  this  Section  are  doubtless  familiar  with  this  method  of 
observation,  but  there  are  many  in  the  possession  of  tele- 
scopes who  would  gladly  avail  themselves  of  these  sugges- 
tions in  the  absence  of  the  more  elaborate  method  of 
measurement. 

“The  Results  of  Rainfall  Observations  at  Old  Trafford, 
Manchester,  for  1875  and  1876,”  by  G.  V.  Veknon,  F.R.A.S., 
F.M.S. 


Rain  Gauge  3ft.  above  tlie  Ground  and  106ft.  above  the  Level  of  the  Sea. 
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The  rainfall  during  1875  was  85-490  inches,  and  fell  upon 
170  days : the  fall  was  0-223  inches  below  the  average  of 
the  last  82  years. 

January  had  a fall  in  excess  of  the  average;  February, 
March,  April,  and  May  had  a fall  below  the  average ; J une, 
July,  August,  September,  October,  and  November  all  greatly 
in  excess  of  the  average;  and  December  2-415  inches  below 


the  average. 
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The  rainfall  for  1876  was  36  958  inches,  and  fell  upon  198 
days,  or  28  more  than  last  year,  and  was  1-241  inches  in 
excess  of  the  83  years’  average. 

The  first  and  second  quarters  exceeded  the  average 
whilst  the  third  and  fourth  quarters  were  below  the 
average. 
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MICEOSCOPICAL  AND  NATUEAL  HISTOEY  SECTION. 


Annual  Meeting,  May  7th,  1877. 

W.  Boyd  Dawkins,  F.K.S.,  President  of  the  Section, 

in  the  Chair. 

The  Treasurers  Account  and  Report  of  the  Council  were 
read  and  passed. 

The  Election  of  Officers  for  the  ensuing  year  then  took 
place  as  follows  : — 

^prcsitfcnt. 

W.  BOYD  DAWKINS,  F.E.S.,  &c. 

Uicc=iprcsit)cnt3. 

E.  W.  BINNEY,  F.E.S.,  F.O.S. 

CHAELES  BAILEY. 

JOHN  BAEEOW. 

treasurer, 

H.  A.  HUEST. 

Semtary. 

J.  COSMO  MELVILL,  F.L.S. 

Council. 

W.  C.  WILLIAMSON,  F.E.S. 

JOSEPH  BAXENDELL,  F.E.A.S. 

A.  BEOTHEES,  F.E.A.S. 

JOSEPH  SIDEBOTHAM,  F.E.A.S. 

E.  D.  DAEBISHIEE,  B.A.,  F.O.S. 

E.  W.  NIX,  M.A. 

THOS.  H.  BIELEY  (Somerville). 

E.  ELLIS  CUNLTFFE. 
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List  of  Members  and  Associates  of  the  Section  : — 

i^lcmters; 


Alcock,  ThomaSj  M.D. 

Bailey,  Charles. 

Bareatt,  Walter  Edward. 
Barrow,  John. 

Baxendell,  Joseph,  F.E.A.S. 
Bickham,  Spencer  H.,  Jun. 
Binnet,  E.  W.,  F.E.S.,  F.G.S. 
Birley,  Thomas  Hornby. 
Boyd,  John. 

Brockbank,  W.,  F.G.S. 
Brogdbn,  Henry. 

Brothers,  Alfred,  F.E.A.S. 
CoTTAM,  Samuel. 

Coward,  Edward. 

Coward,  Thomas. 

CuNLIFFE,  EoBERT  ElLIS. 
Dale,  John,  F.C.S. 

Dancer,  John  Benj.,  F.E.A.S. 
Darbyshire,  E.  D.,  B.A. 
Dawkins,  W.  Boyd,  F.E.S. 


Deane,  W.  K. 

Heys,  William  Henry. 

Higgin,  James,  F.C.S. 

Hurst,  Henry  Alexander. 
Latham,  Arthur  George. 
Melvill,  J.  Cosmo,  M.A.,  F.L.S. 
Morgan,  J.  E.,  M.D. 

Hevill,  Thomas  Henry. 

Nix,  E.  W.,  M.A. 

Piers,  Sir  Eustace. 

Eoberts,  William,  M.D. 
SiDEBOTHAM,  JOSEPH,  F.E.A.S, 
Smart,  Eobert  Bath,  M.E.C.S. 
Smith,  Eobert  Angus,  Ph.D., 
F.E.S.,  F.C.S, 

Williamson,  Wm.  Crawford, 
F.E.S.,  Prof. Nat.  Hist.,  Owens 
College. 

Wright,  William  Cort. 
Waters,  A.  W.,  F.G.S. 


Hardy,  John. 
Labrey,  B.  B. 
Linton,  James, 
Meyer,  Adolph. 
Peace,  Thos.  S. 
Percival,  James, 
Plant,  John,  F.G.S. 


Associates. 

Eogers,  Thomas. 

Egberts,  John,  M.D. 

Euspini,  F.  Orde. 

Stirrup,  Mark,  F.G.S. 
Tatham,  John  F.  W.,  M.D. 
Warren,  Hon.  J.  B.  Leicester 
Waterhouse,  J.  Crewdson. 


THE  MICROSCOPICAL  AND  NATURAL  HISTORY  SECTION 
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[The  following  paper  was  received  from  Mr.  Dancer  on  the 
Ih  of  May,  1877.] 

“ On  the  Transfer  of  Subsoil  to  the  Surface  by  the  agency 
of  Worms,  Insects,  Larvm,  Moles,  etc.,”  by  J.  B.  Dancer 

F.R.A.S. 

Occasionally  we  hear  of  the  discovery  below  the  surface 
of  the  soil  of  articles  which  undoubtedly  were  originally  placed 
on  the  surface,  either  by  accident  or  design,  and  various  causes 
may  be  assigned  to  explain  the  burying  process, — such  as  • 
periodical  floods  carrying  solid  matter,  sand  or  dust  storms, 
the  formation  of  fresh  layers  of  mould  by  the  decay  of 
vegetation,  and  the  turning  over  of  the  soil  during  agricul- 
tural operations. 

From  my  own  observations  I incline  to  the  belief  that 
other  agencies  are  concerned  in  this  process.  We  know 
that  very  insignificant  operations,  if  persistently  carried  on 
through  a lengthened  period,  will  produce  important  results, 
and,  in  this  manner,  it  is  possible  that  earth-boring  insects 
worms,  moles,  etc.,  may  assist  materially  in  covering  the 
surface  with  soil  transferred,  from  below,  and  in  this  way 
objects  may  be  covered  up  without  the  surface  of  the  ground 
being  elevated  above  its  original  level,  except  by  the  decay 
of  vegetation  on  its  surface. 

During  the  transfer  of  subsoil  to  the  surface,  seeds  of 
plants  might  accidentally  be  pushed  into  conditions  favour- 
able for  germination,  which,  in  process  of  time,  might  change 
the  character  of  the  vegetation  on  the  surface.  We  know 
that  turning  over  the  ground  frequently  brings  about  a 
complete  change  in  the  vegetable  growth. 

I will  name  one  example  which  I think,  to  some  extent, 
supports  my  views. 

Mr.  W.  Mellor,  of  the  Ardwick  Lime  Works,  caused  a 
small  field  to  be  profusely  covered  with  crushed  bones;  they 
were  not  covered  over  with  earth,  but  left  quite  exposed  on 
the  surface.  Some  years  afterwards,  a hole  was  dug  in  this 
field  for  the  purpose  of  getting  some  sand  from  below  the 
soil.  On  looking  into  this  hole,  Mr.  Mellor  perceived  a 
white  band  several  inches  below  the  surface  of  the  soil,  at  a 

I uniform  depth  all  round  the  hole.  Curiosity  prompted  him 

1 
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to  examine  this  white  substance,  and,  to  his  surprise,  h 
found  it  to  consist  of  the  crushed  bones  which  had  been  laij  e 
on  the  surface  some  years  previously.  In  the  course  of  id 
conversation  he  asked  me  if  I could  account  for  the  altered 
position  of  the  bones,  and,  in  reply,  I said  it  might  possibly 
have  been  brought  about  by  the  operations  of  insects  and 
worms,  assisted  by  the  mould  from  decayed  vegetation.  Mr. 
Mellor  thought  this  explanation  extremely  probable,  and 
gave  me  reasons  for  his  belief. 

A brewer  in  the  neighbourhood  had  a large  quantity  of 
unsaleable  ale,  which  he  proposed  to  convert  into  vinegar, 
and  Mr.  Mellor  allowed  him  to  place  a great  number  of 
barrels  of  this  ale  in  the  field.  The  vinegar  making  was  not, 
however,  successful,  and  eventually  the  contents  of  the 
barrels  were  allowed  to  run  on  the  surface  of  the  field.  On 
the  following  day,  the  heaps  of  worms  which  lay  dead  on 
the  ground  were  so  amazing,  that  if  Mr.  Mellor  had  not  seen 
them,  he  would  not  have  thought  it  possible  for  such  num- 
bers to  have  existed  in  the  space. 

In  caves  where  large  quantities  of  the  bones  of  animals 
are  found,  there  is  frequently  a considerable  depth  of  earth 
between  the  layers  of  bones.  Much  of  this  earth  may  have 
fallen  from  the  roofs  of  the  caves,  and  some  portion  may  be 
the  accumulation  of  dust  blown  in  bv  the  wind ; even  in 
these  cases  the  operations  of  worms  and  the  larvse  of  insects 
may  have  assisted  in  the  burying  process.  The  animal  mat- 
ter would  attract  and  support  a large  amount  of  insect  life, 
worms,  etc. 

The  operations  of  the  lug- worms  on  the  sea  shore,  during 
low  water,  are  familiar  examples  of  the  transfer  of  a sub- 
stratum to  the  surface.  Frequently  the  holes  are  of  a very 
considerable  depth.  If  these  worms  should  happen  to  pass 
through  differently  coloured  strata,  they  would  leave  per- 
manent records  of  their  operations,  as  the^  returning  tide 
would  fill  the  holes  with  the  surface  material. 


Do  geologists  find  any  such  records  in  ancient  sea-beds  ? 
I have  no  desire  to  attach  great  importance  to  the  agencies 
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